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PREFACE. 



The design of the present volume is to furnish for the 
use of schools and young persons, an elementary text-book 
on the first pnnciples of science. For this purpose, the 
system of question and answer, which for certain classes 
of pupils and for familiar instruction has proved emi- 
nently popular, has been followed. The advantages of this 
system are : — first, that it affords a most simple and easy 
method of communicating useful and practical informa^ 
tion : — second, the question excites a feeling of curiosity in 
the mind of the young student, which serves to fix the sub- 
ject-matter tttore strongly in the memory : — and thirdly, 
the form of question and answer imparts truth to the mind, 
in a logical sequence of cause and effect, and by showing 
how consequents in sciences are deduced from antecedents, 
unconsciously trains and familiarizes the pupil to think and 
reason according to the true spirit of inductive philosophy. 

It is believed that the questions in the present volume 
are simple, practical, and expressed in the plainest language 
that the subject allows. Engravmgs have also been used 
to illustrate more clearly the most important topics treated 
of. 

As this work has been designed exclusively as an elemen- 
tary book, the more abstruse and difficult departments of 
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physical science have been passed over, or briefly noticed ; 
such as the theory and application of the mechanical powers, 
the polarization of light, crystallography, &c. Those who 
are desirous of possessing a more complete and elaborate 
work, arranged in the form of question and answer, — em- 
bracing the whole subjects of Natural Philosophy, Organic 
and Inorganic Chemistry, the aiDplications of science to the 
Industrial Arts, Geology, i&c, are referred to a work by the 
author of the present volume, entitled " Wells's Familiar 
Science" and to " Wells*s Natural Philosophy," in both of 
which special reference is made to the appUcation of the 
principles of physical science to the useful arts and necessi- 
ties of every-day life. 

In the preparation of the " Science of Common Things" 
especial care has been taken to render the fects and piin- 
ciples given, full, complete, and accurate, and in strict con- 
formity with the very latest results and researches of modern 
science. 

New Toek, May, 186T. 
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PAKT I. 

lAWS AND PROPERTIES OP MATTER. 



CHAPTER I. 

WHAT WE KNOW OF MATTEB, AND HOW WE KNOW IT. 

1 WTuxiismaMerf 

We apply the temi matter to any substance which 
affects onr senses. 

S Bow do we know that anything exists t 

Because our senses give us evidence of the fact. 

3 What are the senses f 

They are the instruments, or means, by which the 
'inind is enabled to know that matter exists and pos- 
sesses certain properties. 

4 Row many senses are there ? 

Fwe ; hearing, seeing, smelling, tasting, and feeling. 

B W&iM a person deprived of dU sensation^ he conscious of any mate^' 
rial existence f 

He would not; for all knowledge of the material 
world is derived through the medium of the senses. 

G Is ilie impression transmitted to the mind by each organ of sensation^ 
different f 

It is; each organ of sense is adapted to receive a 
particular influence of matter ; and is designed to con- 
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Properties of matteifr Impenetrabilitj. 

vey to the mind immediate notice of some peculiar 
action. This is the more noticeable, when we consider 
that, however delicate its structure, each organ of 
sense is wholly insensible to every influence except that 
to which it is especially adapted ; thus, the eye is never 
aflEected by sotrnd^ nor the ear by Ught. 

7 W?iat is meant by fke term body f 

Any distinct portion of matter perceived by the 
senses. 

8 Wkai do we mean,' when we speak of the properiies or qualUies of a 
hodyf 

The powers belonging to the body, which are capa- 
ble of exciting in our mmd certain sensations. 
What are the general properties ofTYwMerf 
The principal qualities of matter are magnitude or 

EXTENSION, IMPENETRABILITY, DIVISIBILrrY, POKOSITY, IN- 
ERTIA, DENSIIY, ELASTICIIY, DUCTILITY, and MALLEABILITY. 

10 Whai is rruignitude f 

The property of occupying space. It is impossible 
to conceive of a portion of matter so minute as to have 
no magnitude. 

11 What do we mean by the term size of a body f 

The quantity of space sl body occupies. 

IS What is the surface of a body f 

The external limits of its magnitude. 

13 What is tJie area of a body f 

The quantity of surface. 

14 WJiai is impeneirdbiUty t 

That quality of matter which precludes the possibility 
of two bodies occupying the same space ^ the same 
time. When bodies are said to be impenetrable, it is 
therefore meant, that one cannot pass through another 
without displacing some, or all, of the component parts 
of that other. 

There are many instances of apparent penetration ; but in all these, the 
parts of the body which seem to be penetrated are only displaced. Thus, 
if a needle bo plunged into a vessel of water, all the water which pre- 
viously filled the space hito which the needle entei*s, will be displaced ; 
and the level of the water will rise in the vessel to the same height as it 
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would by pouring in so much more water as would fill the space occupied 
by the needle. 

15 Why win wateTj or any ofker liquid^ pour6d irUo a fimnelf chsdy 
inserted in the vncmth of a bottle^ or decanter j run over the sides $ 

Because tlie air fillmg the bottle, and having no 
means of escape, prevents the fluid from entering the 
bottle ; but if the funnel be lifted fix)m the neck of the 
bottle a little, so as to afford the air an opportunity to 
escape, the water will then flow into the bottle in an 
uninterrupted stream. 

16 What is thefigwre of a body f i 

ItBform or shape, as expressed by its boundaries or 
terminating extremities- 

17 What is meant by the divisibility ofmaMer f 

Its property, or capability of being divided. 

18 Is matter capable of being divided into sepojraiA portions infiniteiy cr 
wit?ioui limit f 

So far as we are able to perceive with our senses, all 
matter is capable of beinff divided into separate por- 
tions without limit; yet me recent investigations of 
chemistry have proved beyond a doubt, tiiat there is 
a point beyond which matter is no longer divisible. 
Such a portion of matter as cannot be divided we call 
an atom. 

13 What then is an aiom of matter f 

A jpourtkle so minute, as to admit of no division. 
Atoms are conceived to be the first principles or com- 
ponent parts of all bodies. 

The extent to which matter can bo divided and yet be perceived by 
the senses, is wonderful. 

An ounce of gold may be divided into four hundred and thirty-two 
thousand million parts. Each of these parts will retain all the characters 
and qualities which are found in the largest masses of metal It retama 
its solidity, texture, and color; it resists the same ^ents, and entfflsinto 
combination with the same substances. 

SO What is a particle of rnxMer f 

The term particle is also used to express smaU com- 
ponent parts of matter, but is generally applied to those 
which are not too minute to be discovered by obser- 
vation. 

1* 
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SI WJiat are the pores of a body t 

No two particles of matter are supposed to be in 
actual contact with each other ; and the openings, or 
interstitial spaces between these particles, are called 
pores. 

S3 WTiai is the reason that a sponge^ apiece of wood or metals can, by 
pressv/re, be made to occupy a smaUer apace than it did originally f 

Because the particles of which the sponffe, the piece 
of wood or metal, are composed, are by pressure 
brought more closely together, diminishing at the same 
time the pores and the space the body occupies. 

53 Whai (hen is compressibility ? 

That quality of matter in virtue of which a body 
allows ite volume or size to be diminished, without 
diminishing the number of atoms or material particles 
of which it consists. 

54 What reason have we for supposing that no two particles ofTnatter 
are in dbsokUe contact f 

Because all known bodies, whatever may be their 
nature, are capable of having their dimensions reduced 
without diminishing the amount of matter contained in 
them ; hence the space hj which the volume may be 
diminished must, before diminution, consist oi pores. 

56 What is density f 

The proportion of the quantity of matter in a body to 
its magnitude. Thus, if of two substances one contains 
in a given space twice as much matter as the other, it 
is said to be twice a& dense. 

S© What connexion is there between the density of a body a/nd its 
porosity? 

A body will be more or less dense according as its 
particles are near to or remote from each other ; and 
nence it is evident that the greater the density the less 
the porosity, and the greater the porosity the less the 
density. 

57 Why do we caM lead heavy j andfeaffiers Ughtf 

Because the amount of matter contained in a quan- 
tity of lead occupying a given space is much greater 
than in a quantity of feathers capable of occupying the 
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same space. The original particles of matter wliicli 
make up the composition of lead and feathers are also 
different, and in the lead are arranged in much nearer 
connexion with each other than in the feathers. 

. Newton conjectured that if the earth were so compressed as to bo 
absolutely without pores, its dimensions might not exceed a cubic inch. 

S8 How is water or amy oOier liquid made pure hy filtering through 
paper, cloth, a layer of sand, rode, &c._f 

The process of filtration depends on the presence of 
pores in the substance used as a filter, of such a mag- 
nitude as to allow a passage to the liquid, but to refuse 
it to those impurities from which it is to be disengaged. 

so Why is not the substance suitable for the fMration of one liquid 
equally adapted for tlie fiUration ofaU liquids t 

Because the magnitude of the pores in different sub- 
stances and of the impurities in liquids is different; 
and no substance can be separated from a liquid by 
filtration, except one whose particles are larger than 
those of , the liquid. 

so Why do bubbles rise to the surface when a piece of sugar, wood, or 
chalk is plunged under water ? 

Because the air previously existing in the pores be- 
comes displaced by the water, and rises to the sm-face 
as bubbles. 

31 What occasions the snapping of wood or coal when laid upon ffiefire f 

Because the air or liquid contained in the pores be- 
comes expanded by heat, and bursts the covering in 
which it is confined. 

S3 Wiat are the sparks of fire which burst from the woodf 
Yery small pieces of wood made red hot^ and sepa- 
rated from the log by the force of the air when it 
bui-sts from its confinement. 

S3 Wliy does light, porous wood make mare snapping than any other 
kind f 

Because the pores are very la/rge^ and contain rruyre 
air than wood of a closer grain. 

34 Wliy does green wood make less snapping Hmn dry f 

Because the pores, being filled with sap, contain very 
Utile air. 
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35 Why does dry toood "make more snapping than green f 

Because the sap is dried up, and the pores are filled 

with air instead. 
3© Why does dry wood hum more easUy ffian green or wet wood f 
Because the pores of dry wood are JiUed with air, 

which supports combustion ; but the pores of green or 

wet wood are filled with moistv/re, which extinguishes 

flame. 

37 When is a body said to be elastic t 

When, on being compressed by the agency of a 
mechanical power, it is capable of resuming its former 
dimensions with a certain force when relieved from the 
operation of the force which has compressed it. This 
property is called elasticity. 

38 Into 7iow many classes may all naiurai bodies be divided f 

All the bodies we meet with on the earth may be 
divided into three great classes; viz. solids, liquids, 
and gaseous or aeriform bodies. 

Se What is a solid f 

A solid is a body whose particles of matter are so 
close or dense that they resist the impression or pene- 
tration of other bodies. Hence the parts of solid bodies 
arc not movable or easily displaced like those of liquids. 

<1:0 What is a liquid? 

A liquid is a substance which, like water, manifests 
immediately to the touch but a very feeble resistance ; 
but quite sufficient, however, to indicate its presence, 
even when in a state of repose. A liquid cannot be 
grasped between the fingers like a sohd body ; neither 
can it be collected permanently in a heap, or made to 
assume any particular figure except that of the vessel 
in which it is inclosed. 

41 What is a gaseous or aeriform body f 

A gaseous or aeriform body is an elastic, and gene- 
rally an invisible, fluid, which, like the air surrounding 
us, affords no evidence of its presence to the sense of 
touch, when in repose. Gaseous or aeriform bodies 
may be confined in vessels, from whence they exclude 
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liquids or other bodies, thus demonstrating their exist- 
ence^ though invisible, and also their impenetrability, 

4S In wfuU particular respect does a gas differ from a liquid? 

A liquid, like water, oil, spirit, &c., can be made to 
flow down an inclined plane, but a gas cannot. 

4S Why is it difficult to waUc against a high wind f 

Because the particles of the air, although invisible, 
press against us violently in a direction opposite to that 
m which we are proceeding. 

<fe4 WTien is a substance said to he plastic f 

When it possesses intermediate properties between a 
solid and a fluid. Pitch is an example of a plastic 
body : it presents the appearance of a solid, but will 
be found to be continually changing its form by the 
movement of its particles, when left free to move. 

45 WJien a sponge is placed in water^ that liquid appears to penetrate 
it. Does the water reaUy enter the solid particles of the sponge f 

It does not ; it only enters the pores or vacant spaces 
between the particles. 

4S When we plunge the hand into a mass of sand, do we penetrate the 
sandf 

We do not ; we only displace the particles. 

47 What is inertia ? 

Matter is incapable of spontaneous change ; and the 
term inertia (or inactimty) signifies the total absence 
of power in matter to change its state. A body en- 
dued with inertia cannot of itself, and independent of 
all external influences, commence to move from a state 
of rest ; neither can it, when moving, arrest its own 
progress and become quiescent. 

48 When a carriage is in motion, drawn by horses, why is the same 
exertion of power in (lie horses required to stop it, as would be necessary to 
back it, if it were at rest f 

Because the force required to destroy motion in one 
direction is equal to that re(juired to produce as much 
rrvotion in the opposite dh*Bction. 

49 If a body is incapable by itself of changing its state, why will not a 
haU fired from a cannxm continue to move on for everf 

Chiefly on account of the resistance of the air or 
1* 
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medium through which it passes, and the attraction of 
the earth, 

so If a carriage^ railroad-car^ or boat, moving with speedy he suddenly 
stopped or retarded from any caitse^ why are the passengers, or the baggage 
carried, precipitated from (?ieir places in the direction of the Tnotion f 

Because, by reason of their inertia, tliej jpersevere in 
the motion which they shared in common with the 
body that transported them, and are not deprived of 
that motion by the same cause. 

51 Why will a person, leaping from a carriage in rapid motion, faU in 
the direction in which the carriage is moving at iJie moment his feet meet the 
ground f 

Because his hody, on quitting the vehicle, retains by 
its inertia the motion which it has in common with it. 
When he reaches tlie ground, this motion is destroyed 
by the resistance of the ground to tlie feet, but is re- 
tained in the upper and heavier part of tlie body ; so 
that tlie Same effect is produced as if the feet had heen 
tripped, 

SS Whem. the sails of a ship are first spread to receive the f&rce or im- 
pulse of the wiml, why does not the vessel a^cquire her full speed at once f 

Because it requires a little time for the ivrvpelling 
force to overcome the inertia of the onass of the ship, 
or its disposition to remain at rest. 

53 Why, lohen the sails are taken in, does ih^ vessel continue to move for 
a constdtrahle time f 

Because the inertia of the mass is opposed to a 
change of state, and the vessel will continue to move 
until the resistance of the water overcomes the opposi- 
tion. 

54 Why is a man standing carelessly in the stern of a boat liable tp faU 
into the water behvad, when the boat begins to move f 

Because hmfeet are pulled forward while the inertia 
of his hody keeps it in the same position, and, there- 
fore, behind its support. For a similar reason, w^hen 
the boat stops, tlie man is liable to fall forward. 

55 upon what does the hardness of a body depend ? 

Not, as is often supposed, upon the density of a 
body, but upon the force with which the atoms hold 
their places in some particular arrangement. Gold is 
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much more dense than the diamond, yet the metal is 
soft, while the diamond is the hardest body in nature. 

56 When is a tody said to he ductUe f 

When it is capable of being drawn into wire. In 
ductile substances the atoms seem to have no more 
fixed relation of position than in a liquid, but yet they 
cohere very strongly, 

57 When is a body said to he maUeahle f 

Wlien it is capable of being hammered or rolled into 
thin plates. Bodies that are malleable are not always 
ductile. Lead and tin may be hammered out into 
very thin plates, but it is diflBcult, or impossible, to 
draw out tnese metals into fine wire. 



CHAPTEE II. 

ATdteACTION. 



S8 What is attraction t 

It is the force manifested by the mutual aj)proach or 
cohesion of bodies. 

69 Is aU matter subject to the power of attraction f 

All matter is under the influence of attraction in 
some of its forms. Every particle of matter attracts 
every other particle, and is in turn itself attracted. 

©O WIuU is repulsion f 

It is the force manifest in the movement of bodies 
from each other. Thus, if a piece of glass, having 
been briskly rubbed with a silk handkerchief, touch 
successively two feathers, these feathers, if brought to- 
gether, will move asunder. 

61 What is cohesive attrax^iion f 

It is the force which holds together the atoms of 
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Adhesion. Examples of cohesion. 

bodies. Cohesion acts only between particles of mat- 
ter of the same kind, and at distances which are not 
measurable, or, as they are termed, insensible distcmces. 

©S Whxd is adhesion f 

Adhesion is attraction between particles of matter 
of different kinds acting at immeasurably small dis- 
tances only, and uniting the dissimilar particles into 
one mass. 

63 W?iy is TTwrtar tised to fasten bricks together f 

Because the adhesive attraction between the particles 
of the brick and the particles of mortar is so strong, 
that they unite to form one solid mass. 

64: Why is a bar of iron stronger than a bar of wood of the same size f 
Because the cohesion existing between the particles 
of iron is greater than that existing between the par- 
ticles of ^wood. 

65 Why are ilie particles of a liquid irwre easily separated than those 
of a solid f 

Because the cohesive attraction which binds together 
the particles of a liquid is much less strong than that 
whicli binds together the particles of a solid. 

66 Why will a small needle^ carefully laid upon Vie surface of waier^ 
fhaLf 

Because its weight is not sufficient to overcome the 
cohesion of the particles of water constituting the sur- 
face ; consequently, it cannot pass tlirough them and 
sink. 

^"7 If you drop water and laudanum from the same vessel, why will 
sixty drops of tJie water fUl the same measure as one hundred drops of 
laudanum ? 

The cohesion between the particles of the two liquids 
is different, being greatest in the water. Consequently, 
the number of particles which will adhere together to 
constitute a drop of water is greater than in the drop 
of laudaimm. . 

68 Why is the prescription of medicine by drops an unsafe method ? 

Because not only do drops of fluid from the same 
vessel, and often of the same fluid from different vcs- 
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Bels, differ in size, but also drops of the same fLmdj to 
the extent of a third, from different parts of the lip of 
the same vessel. 
69 WJiy is it difficult to pour water from a vessel which has not a pro- 

■ "7? 



Because, in consequence of the attraction between 
the water and the sides of the vessel, the fluid has a 
tendency to run down along the inclined outside of the 
vessel, and not at once to fall perpendicularly. 

70 Whai is the attraction of gravitation f 

We apply the term "gravity," or the "attraction 
of gravitation," to that tendency which every particle 
of matter in the universe has to approach ail other 
matter. Terrestrial gramtatian is me attraction of a 
body towards the centre of the earth. 

71 In what respect does the attraction of gravitation differ from aU other 
attractive forces f " 

Because it is the common property of all iodies; 
since everything to which we can attach the idea of 
materiality is affected more or less by gravitation. 

7S Why does an apple hoseTved'from the treefaU to tlie ground? 

Because the earth attracts ov draws it to itself. 

73 Since oM bodies are attracted towards the earthy how does it happen 
that aU smoke and some other forms of TrwMer display the contrary pheno- 
menon of ascending from it f 

Because the smoTce is lighter tJimv the ai/r^ hdk for 
Jyulk^ and floats upon it. ft is unable to advance, how- 
ever, in the most minute degree, without displacing or 
thrusting downward portions of tiie atmosphere equal 
to its own bulk. 

74 Why does a cork pressed "beneath the water rise and float on the 
surface f 

Because^lEe corh is lighter than an equal lulh of 
water^ and is pressed up and sustained by it in the 
same manner that the particles of smoke are sustained 
by the particles of air. 

75 Why does a baUoon rise in the air f 

Because it is filled with a gas which is lighter, bulk 
for bulk, than the air. 
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All bodies attract each other. Feather and the earth. 

73 How long wiU smoke continue tofioal above the swrface of the earth f 
Until its particles^ uniting^ hecome he(wier than the 

air^ when tney descend in the form of small flakes of 

soot, 

77 Why do huhhles in a cup of tea range round the sides of (he cup f 

Because the cup attracts them. 

78 Why do aM the litUe MbUes tend towards the large ones f 

Because the large bubbles (being the superior masses) 
attract them. 

70 Why do the huhhles of a cup of tea follow a tea-spoon f 

Because the tea-spoon attracts them. 

so Do all bodies attract each other equally f 

Tliey attract each other with forces proportioned to 
their masses. 

&2. A feoMerfaHs to the ground hy the influence of the earth^s aUraction. 
Kow, as aM bodies attract each other j does the feather attract or draw up the 
earth in any degree towards itself f 

It does^ with a force moportioned to its m^ass ; but 
as the mass of the earth is infinitely greater than the 
feather, the influence of the feather is infinitely small, 
and we are unable to perceive it. 

83 Whai would be the consequence if the feaih&r did not attract the 
earth f 

If any portion of the earth, however ^-msXS.^ failed to 
attract another portion, and not be itself attracted, the 
ojxis of the earth wovld he immediately chxjmged^ involv- 
ing an alteration of climate, and the place of the ocean 
in its bed. 

83 Why is it more dangerous to fall from a lofty elevation than from a 
low onef 

As the attraction of the earth varies inversely with 
the square of the distance, the force with which a fall- 
ing body will strike the gi'ound will increase in propor- 
tion to the height from which it has fallen. 

84: In whai direction does a body, wTien not supported, endeavor tofaUf 

Li a line drawn from its centre of gravity towards 
the centre of the earth. 

85 Is the aUradion of the earth the same at aM dAstxtnces.^<ym its sur* 
face or centre f 
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Centre of gravity. 



Position in which a bodj can rest 



No ; the attraction of the earth for a body varies 
vnversely with the square of its distance from the centre. 

86 How can this he iUustrcded ? 

In the following manner: — ^H* the earth attracts a 
body with a certain force at the distance of one mile^ it 
will attract with four times the force at half a mUe^ 
nine times the force at one-third of a mile, and so on in 
like proportion. On the contrary, it will attract with 
but onefoy/rth of the fcyrce at two iniles, oneruinth of 
the force at three tnues, one-sixteenth of the force at 
four miles, and so on as the distance increases. 

87 Whod do we mean by the centre of gravity f 

That poi/nt in a body about which, if supported, the 
whole body will balance itself. 

88 When you balance a rod, a stick, or any other body, upon the finger, 
where is the centre of gravity of the stick or body f 

It is the point upon which the body will remain at 
rest, or upon which it is balanced. 

8© In what position only can a body rest ? 

Only when its cen^e of gravity is supported ; and 
until this is accomplished the body will move, and con- 
tinue to do so, until it settles into a position in which 
the centre of gravity cannot sink lower. 

0O Why does a person carrying a weight upon his back stoop forward ? 

In order to bring the centre of gravity of his body 
and the load over his feet. 





fig.l. 



Fig. 2. 
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Centre of grayity in man and animals. 

If he carried the load in the position of A, Fig. 1, he would fall back- 
wards, as the direction of the centre of gravity would fall beyond his 
heels ; to bring the centre of gravity over liis feet, he assumes the posi- 
tion indicated by B, Fig. 2. 

Ol When a person carries a load upon his head, why is it necessary 
to stand perfectly upright f 

In order that the centre of gravity may be over his 
feet. 

©S Why does a person in rising from a chair head forward f 

When a person is sitting, the centre of gravity is 
supported by the seat ; in an erect position, the centre 
of gravity is supported by iho^feet; therefore, before 
rising it is necessary to change the centre of gravity, 
and by bending forward we transfer it from the chair 
to a point over the feet. 

03 Why does a quadruped never raise both feet on the same side simid- 

taneously ? 

Because, if it did, the centre of gravity would be 
unsupported, and the animal would fall over. 

Q4: Why is a turtle placed on its hack unable to mme f 

Because the centre of gravity of the turtle is, in this 
position^ at the lowest point,, and the animal is unable 
to change it ; therefore it is obliged to remain at rest. 

95 Why is it more difficult to overthrow a body having a broad base - 
tJian one resting upon a narrow basis f 

Because a body cannot fall over, so long as a line 
directed from the centre of gravity vertically towards 
the smface upon which the body rests, faUs within the 
figm-e formed by the base of the body in question. 





Fig.4. 
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stability of buildings. 



Centre of gravity in walking. 



Hence, the hroader the hose of a hody^ the more securely 
it will stand. 

Thus, in Fig. 3, the lino directed vertically from the centre of gravity, 
G, falls within the base of the body, and it remains standing ; but in Fig. 
4 a sunilar line falls without the base, and the body consequently cannot 
be maintained in an upright position, and must falL 

9S How long will a wall or tower stand securely f 

So long as the perpendicular line di'awn through its 
centre of gravity falls within its base. 

The celebrated leaning tower 
of Pisa, 315 feet high, which 
inclines 12 feet from a per- 
fectly upright position, is an 
example of this principle. For 
instance, the line in Fig. 5, 
falling from the top of the 
tower to the ground, and pass- 
ing through the centre of gra- 
vity, falls within the base, and 
the tower stands securely. If, 
however, an. attempt had been 
made to build the tower a Ht- 
tle higher, so that the perpen- 
dicular line passing through 
the centre of gravity woiSd 
have fallen beyond the base, 
the structure could no longer 
have supported itsel£ 




©7 What is the advantage of turning out the toes when we walk f 

It increases the breadth of the hose supporting the 
body, and enables us to stand more securely. 

©8 Why do very fat people throw hajch their head and shoulders wh^n 
they walk f 

In order that they may effectually keep the centre 

of gravity of the body over the base formed by the 

Boles of the feet. 

09 WTty cannot a man^ standing with his heels close to a perpendicular 
waU, bend over sufficiently to pick up any object that lies before him on Vie 
ground, without falling f 

Because- the wall prevents him from throwing part 
of his body backward, to counterhaltmce the head and 
arms that must project forward. 
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100 What is the reason Ihai persons waMng arm-in-arm shake and 
josUe each other ^ unless they make the movements of their feet to correspond^ 
as soldiers do in marching ? 

When we walk at a moderate rate, the centre of 
gravity comes alternately over the right and over the 
left foot. The body advances, therefore, in a waA)ing 
line; and unless two persons walking together keep 
step, the waving motion of the two fai£ to coincide. 

101 Where would the centre of gravity be in a wheel made enUrekf of 
wood and of a uniform thickness f 

In the centre. 

lOS Where wovM the cerdre of gravity he if a part of the rim of the 
same wheel were made of iron 9 

It would be changed to some point aside from the 
centre of the wheel. 

103 In what does the art of balancing or walking upon a rope consist f 

In keeping the centre of gravity in a line over the 
base upon which the body rests. 
104: What is the base upon which the hum/m body rests or is supported t 
The two feet and the sp(ice included between them. 
lOS Why is it a very difficult thing for children to learn to walk ? 

In consequence of the natural upright position of the 
human body, it is constantly necessary to employ some 
exertion to keep our balance, or to prevent ourselves 
from falling, when we place one foot before the other. 
Children, after they acquire strength to stand, are 
obliged to acquire this knowledge of preserving the 
balance by experience. When the art is once acquired, 
the necessary actions are performed involuntarily. 

X06 Why do young quadrupeds learn to walk much sooner than chil- 
dren? 

Because a body is -tottering in proportion to its great 
altitude and narrow hase. A child has a body thus 
constituted, and learns to walk but slowly because of 
this diificulty, (perhaps in ten or twelve months,) while 
the yomig of quadrupeds, having a iroad supporting 
hase^ are able to stand and move about almost immedi- 
ately. 

107 Are aU the liiribs ofataU tree arranged in such a manner, thai the 
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How trees grow. Weight 

line directed from ihe cerUre of gravity is caused iofdU within ike base of the 
tree f 

Nature causes the various limbs to shoot out and 
grow from the sides with as much exactness, in respect 
to keeping the centre of gravity within the base, as 
though they had been all arranged artificiaUy. Each 
limb grows, in respect to all the others, in such a man- 
ner as to preserve a due balance between the whole. 



CHAPTEE III. 

WEIGHT. 

. 108 WhatiswekiUf 

"Weight is the measure of the attraction of gravita- 
tion, or, in other words, it is the measure of force with 
which a bodjr is attracted by the earth, in an ordi- 
naiy sense it is the qua/atity of matter contained in a 
hody^ as ascertained by the balance. 

109 To uihai is the weight of a tody proportional f 

The weight of a body is always proportional to the 
quamMty of matter contained in it. 

110 Why win a hall of lead weigh more than a haU of cotton of ihe 
ief 



Because the quantity of matter contained in the ball 
of lead is much greater than the quantity of matter 
contained in the ball of cotton. The attraction of gra- 
vitation being proportioned to the quantity of matter, 
it follows that the lead ball Avill be drawn towai-ds tlie 
earth with a greater force (^. e. will weigh more) than 
the ball of cotton. . 

Ill A man of moderate weight upon ihe .surface of ihe earth would 
weigh two tons if transported to the surface of the sun : why would he weigh 
m&ie upon the surface of the sun than upon the surface of ihe earth f 
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"Whon a body weighs the most Systems of weights. 

Because the attractive force of the sun, on account 

of its greater magnitude, far exceeds the attractive 

force of the earth. 

lis Why will a mass of iron weigh less on the top of a high mountain 
than at the level of the sea ? 

Because the attraction of gravitation is less at the 
top of the mountain than at the level surface of the 
earth ; weight decreasing or increasing as the attrac- 
tion of gravitation increases or decreases, according to 
the squares of the distances, 

A ball of iron, weighing a thousand pounds at the level of the sea, 
would be perceived to have lost two pounds of its weight if taken to the 
top of a mountain four miles high, a spring balance being used. 

113 Wliere will a body weigh the mx)st on the surface of the earth f 

At the poles of the earth, for at liiese points the 
attractive power is greatest. 

It must be remembered that the earth is not a perfect sphere, but flat- 
tened at the poles ; consequently, the poles of the earth are nearer the 
centre of attraction {i. e. the centre of the earth) than any other point on 
its surface. 

114 Where wiU a tody weigh the least on the earWs surface t 

At the equator, for there the attractive power is less ; 
the surface at this point being the most distant from 
the earth. 

115 WJiai would he the weight of a 'body carried to the centre of the 
earth f 

It would have no weight ; for th^ attraction of ca- 
vitation acting equally m every direction, no effect 
would be produced ; and the body would be fixed as 
if sustainea by a number of magnetic points. 

lis Whai two systems of weights are employed in the United States 
and Great Britain f 

Troy weight and avoirdupois weight. 

117 What is Troy weight used f or ^ and from whence does it derive its 
namef 

Troy weight is used for weighing gold and silver. 

It derives its name from the ancient designation of 

London, Troy JS^ovant, or from Troyes^ in France, 

where it was first adopted in Europe. It has existed 

In England from the time of Edward the Confessor. 
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AToirdnpois and grain weights. English, American, and French weights. 

118 What is avoirdupois weight used for^ and from whence does U 
derive its name f 

Avoirdupois weight is used for the weight of mer- 
chandise other than the precious metals. It derives its 
name from the French a/voirs {averia), goods or chat- 
tels, ajidjpoidsj weight. 

IIQ What is a grain weight f 

A ffrain weight is the smallest measure of weight 
made use of in the English system. By a law of Eng- 
land enacted in 1286, it was ordered that 32 grains 
of wheat, well dried, should weigh a pennyweight. 
Hence the name grain applied to this measure of 
weight. It was afterwards ordered that a pennyweight 
should be divided into only 24 grains. 

Ii30 JBbw do we make a grain weight for practical, purposes f 

By weighing a thin plate of metal of uniform thick- 
ness, and cutting out, by measurement, such a propor- 
tion of the whole as should give one grain. In this 
way, weights may be obtained for chemical purposes, 
which weigh only ,TVirtii part of a grain. 

Ii31 What part of an inch is a line f 

Onerinjodfth of an inch is designated as a line. 

1253 Are the standards of weights and measures in the United Statei 
the same as in Great Britain f 

They are essentially the same. 

183 Where are (he standards of weights and measwres to he fovmd in 
(he United States? 

At Washington^ and at the ca^tals of the several 
States of the Union; sets having been furnished to 
each State by the United States. 

1S4: Are (he weights and measures used in France the sarrie as those of 
the United States and England f 

No ; they are entirely different. Within a compa- 
ratively recent time tne French have reconstructed 
their old system of weights and measures, and formed 
another on an entirely new plan. The French system 
is, at present, the best and most accurate system 
existing. 
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CHAPTEE IV- 

MOTION. 
ISS Whaiis force f 

Force is whatever causea or opposed the production 
of motion in matter. 

ISe WJicUis motion t 

It is the term applied to the phenomena of the 
changing of place among bodies. 
IS 7 What would he the state of {kings if no motion existed t 

The universe would be dead. There would be no 
rising and setting of the sun, no flow of water or of air 
(wina), no sound, light, or animal existence. 

1S8 The surface of the earth at the equator Tnoves at the rate of abotU a 
ihotisand miles in an hour : why are men not sensible of this rapid TTwwe- 
merU of the earth t 

Because aU objects about the observer are moving in 
common with him. It is the natural uniformity of the 
imdisturbed motion which causes the e^th and all the 
bodies moving together with it upon its surface to ap- 
pear at rest. 

ISd How can you easily see ihat the earth is in motion t 
By looking at some object that is entirely UTtcon- 
nected with it, as the sun br the stars. We are here, 
however, liable to the mistake that the sun or stars are 
in motion, and not we ourselves with the earth. 

180 Does the sun reaUy rise and set each day f 

The sun maintains very nearly a constant position ; 
but the earth revolves, and is constantly chan^ng its 
position. Heallyj therefore^ the sun nether nxs nor 
sets. 

l&l What do we mean by the term friction t 

In m^echanicSj it signifies the resistance which a 
moving body meets with from the surface on which it 
moves. 
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ImpoASlbUitj of perpetual motion. Centrifugal fbroo. 



138 Is it possible to construct any machine, vr auroiaqeiMUd of maUer^ 
which toili perpetually continue in motion f 

It is not; because the operations of gramty^ the re- 
sistance of the medium through which the hoay moveSy 
or the frictwn of the svrfdces upon which the hodv 
rests^ will, in a given time, destroy and terminate all 
motion. In ad(Etion to this, all materials which we 
employ in construction will, in the course of time, wear 
ovt by use, or decay by natural agencies. 

183 Bo we know of any instances of perpetual motion in nature f 

Yes ; the various planetary bodies belonging to the 
solar system havfe been moving with undiminished 
velocity for ages past ; and, unless prevented by the 
agency which governs all nature, will continue to 
move in the same manner for ages to come. 

184 Why are horses obliged to make a much greater exertion to start a 
carriage than afterwards to keep it in motion t 

Because when a carriage is once put in motion upon 
a level road, with a determinate speed, the only force 
necessary to sustain the motion is that which is suffi- 
cient to overcome the frictdon of the road ; but, at 
starting, a greater expenditure of force is necessary, 
inasmuch as not only the friction is to be overcome, 
but the force with which the vehicle is intended to 
move must be communicated to it. 

136 Whai is centrifugal forced 

It is that force which causes a revolving body to fly 
from a centre. 

136 Why does a stone^ discharged from a sling, move forwards, when 
the cord which retained it is loosened t 

Because of the centrifugal force it has acquired by 
the whirling of the sling previous to the discharge. 

13T Why do grindstones or wheels, in rapid motion, not unjrequendy 
break and fly to pieces loith great violencef 

Because the centrifugal force j generated by the rapid 
revolvihg motion, overcomes the cohesion of tlie parti- 
cles, and thus causes them to separate andflyfrom the 
centre. 
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Berolntion of the earth 



138 Can almost dU revolving bodies be broken by sufficient rotativf 
velocity t 

Yes; for the centrifugal force increases with the 
rapidity of revolution^ and finally becomes too strong 
to be resisted by the cohesive force which binds the 
particles of the body together. 

139 When a vessel containing water is whirled 
rapidly rounds why does not tJie waterfall out when tJie 
vessel is upside down f 

Because the centrifugal force^ tending 
to make the water fly from the centre, 



Fl£. 6. 



the 



overcomes or balances the attraction o] 
gravitation^ which tends to cause 
water to fall out. 

In Mg. 6, the water contained in the bucket which 
is upside down, has no support under it, and if the 
bucket were kept still in its inverted position for a 
single moment the water would fall out by its own 
weight, or, in other words, by the attraction of gravi- 
tation ; but the centrifugal force, which is caused by 
the whirling of the bucket in the dh-ection of the 
arms, tends to drive the water out through the bot- 
tom and side of the vessel, and as this last force is 
equal to and balances the other, the water retains its 
place, and not a drop is spilled. 

140 How mvLch faster would the earth be required 
to revolve in order to make the centrifugal force equal to 
the atth-action of gravitation f 

Seventeen times faster^ or in eighty- 
four minutes, instead of twenty-four 
hours: in this case all bodies on the 
surface of the earth would be destitute 
of weight. 

141 What would be (he consequence if the earth 
revolved around its axis in less time than eighty-four 
minutes f 

Gravitation would be completely over- 
' powered, and all jhtids and loose sub- 
stances would fly from the surface. 



14:8 Why does a m^n or horse^ in turning a comer rapidly^ incline 
inwards^ or lean towards the comer t 

Because the centrifugal force, produced by turning 
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Action of oentrlftigal force In eqnostrlan sports. 

rapidly, tends to throw him a/way from the comer ; 
therefore, he inclines inwards to counteract it. 

1AQ Why does a horse in a circus ring lean towards the centre t 
Because, when the horse moves round with the per- 
former on the saddle, both the horse and the nder 
ificline continually towards the centre of the ring, and 
the inclination increases with the velocity of the mo- 
tion : by this inclination their weights counteract th^ 
effect of the centrifugal force. 




Fig. 7. 

In all equestrian feats exhibited in the circus, it will be observed that 
not only the horse but the rider inclines his body towards the centre^ 
Fig. 7, and according as the speed of the horse round the ring is increased, 
this indination becomes more considerable. When the horse walks 
slowly round a large ring this inclmation of his bo<hr is imperceptible ; if 
he trot there is a visible inclination inwards, and if he gallop he inclines 
still more, and when urged to full speed he leans very far over on his 
side, and his feet will be heard to strike against the partition which defines 
the ring. The explanation of all this is, that the centrifugal force caused 
by the rapid motion around the ring tends to throw the horse out o^ and 
away from, the circular course, and this he counteracts by leamng 
inwards. 

14:4 Whg do water-dogs give a semi-rotary movement to (heir sUn to 
flee themselves from water f 

Because in this way a centrifugal force is generated, 
which causes the drops of water adherent to them to 
fly off. 
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Phenomena of Jumping. Flying of birdi Flying and leaping. 

146 Why doeaaper8(mwhoiscibovtiolec^cveradildio^ 
tnake a run of a littk distance f 

In order that the impettts he acquires m nmrnng . 
may help him in the jump. 

X4bQ Why is a standing leap always shorter than a running <me f 

Because in the running leap, in addition to the force 
acquired ly the contradion of the rrmsdes^ we have 
added the/orce of the motion acquired by punning. 

147 Why do we hick against Ihs door-post to shake the snow or dust 
fivm our slwes t 

The forward motion of the foot is arrested by the 
impact against the post ; but this is not the case with 
respect to the particles of dust or snow, which are not 
attached to the foot ; but the motion imparted to them 
equally with the foot is continued, and causes them to 
fly off. 

148 Why do we heat a coat or carpet to eapd the dust t 

The cause which arrests the motion imparted to the 
coat or carpet by the blow does not arrest the particles 
of dust, and their motion being continued, they fly off. 

14Q Why can birds ftyt 

Because they have ilie largest bones of all animals 
in proportion to their weight. Air-vessels also enable 
them to blow out the hollow parts of their bodies, 
when they wish to make their descent slower, rise 
more swiftly, or float in the air. The muscles that 
move the wings of birds downwards, in many instan- 
ces, are a sixth part of the weight of the whole body ; 
whereas those of a man are not, in proportion, one- 
hundredth part BO large. 

It is an erroneous idea, still taught in many educational works, that 
the bones of birds are hollow and fiUed with air. This is not the case. 
Recent investigations have shown that the bones of birds, as a general 
thing, are not more hollow than those of other animals, and do not con- 
*tain air. 

150 Why does flying differ from kapingt 

Because flying is the continued suspension and pro- 
gress of the whole body in the air, by the action of the 
wings. In leaping, the body is equally suspended in 



8CIENCB OF COMMON THDrGfl. S7 

Action of birds in flying. Action and reaotlon. 

the air; but the Buspension is only momentary. In 
flying, on the contr^y, the body remains in me air 
and acquires a progressive motion by repeated strokes 
of the wings on the surrounding fluid. 
X61 Why do birds stretch out (heir necks when flying f 

In order that they may act as a wedge, dividing the 
air and diminishing the resistance. 

les Why are (he strongest feathers of birds in the pinions and tail t 

Because when the wing is expanded, the pinion* 
feathers may form, as it were, broad fans, by which 
the bird is enabled to raise itself in the air and fly; 
while its tail-feathers direct its course, 

163 Why can a person safely skate with great rapidity over ice which 
would not support his weight if he moved over it more slowly f 

From the fact that time is required for prodtusing 
the fracture of the ice : as soon as the weight of the 
skater begins to act on any point, the ice, supported bv 
the water, bends slowly unaer him ; but if the skater^ 
velocity is ffreat, he has passed oif from the spot which 
was loaded before the bending has reached the point 
which would cause the ice to break. 

X64 jR sometimes happens when persons are knocked dovm by carriages 
thai the wheels pass over them with scarcely any injury^ though if the weighi 
ofihe carriage had rested on the body, even for a few seconds, it would hav$ 
crushed them to death. Whai explanation can be given of this fact f 

Tlie wheel moves with such rapidity, that the weight 
has not time sufficient to exert its full effect. 

166 When two equal bodies meet^ moving with equal vdociUes in oppO' 
site directions^ what will be the effect f 

They will both come to rest — for their motion being 
equal and contrary, will be mutually destroyed. 

16B WJien two persons strike their heads together^ one being in motion 
and the other at rest, why are both equally hurt t 

Because, when bodies strike each other, (zction and 
reaction are equal / the head that is at rest returns the 
blow with equal force to the head that strikes. 

167 When an elastic baU is thrown against the side of a house wUh a 
urtm/nforce^ why does it rebound? 
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Because the side of the house resists the ball with 
the sameforce^ and the ball, being elastic, rebownds, 

158 When the same haU is thrown against a pane of glass with the 
same forces it goes through^ breaking the glass : why does it not rebound ua 
before f 

Because the fflass has not sufficient power to resist 
the full force of flie ball : it destroys a part of the force 
of the ball, but the remainder continuing to act, the 
ball goes through, shattering the glass. 

159 Why did not the man succeed who undertook to make a fair wind 
for his pleasure boat, by erecting an immense bellows in the stem, andjbhW' 
ing against the sails f 

Because the action of the stream of wind and the 
reaction of the sails were exactly equal, and, conse- 
quently, the boat remained at rest 

leo If he had blown in a contrary direction from the sailSj instead of 
against them, would the boat have moved f 

It would, with the same force that the air issued from 

the bellows-pipe. 

IGl Why cannot a man raise himself over a fence by pulling upon the 
straps of his boots? 

Because the action of the force exerted to raise him- 
self, is exactly counteracted by the reaction of the force 
which tends to keep him down. 

IGS Does a man, in rowing^ drive the water astern with the same force 
thai he impels the boat forwards f 

He does : action a/ad reaction heing exaxMy eq%tal, 

103 Why is it more dangerous to leap from a high window than from 
a low table f 

Because the velocity of a fallinq hody^ and, conse- 
quently, the force with which it will strike the ground, 
^ncrease8 with the distance through which it falfc. 

1Q4: How far wiU a bpdy faU^ through the influence of gravity^ in one 
second of time f 

Sixteen feet. 
166 How far wiU UfatL in two seconds t 

Four times 16 feet, or 64 feet ; in three seconds it 
will fall 144 feet ; in four, 256 ; in five seconds, 400 
feet, and so on. 
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163 WiU a mass of iron, weighing one hundred pounds, let fall from 
an elevation, reach the ground any quicker than a mass weighing only oni 
pound, letfaU at the same time and from the saTne placet 

No ; the lighter mass will fall with the same velocity, 
and reach the groujid as soon as the larger one. 

Before the time of Galileo 'it was taught aad believed, that if two 
bodies of different weights were let fall from any height at the same mo- 
ment, the heavier body would reach the ground as much sooner as its 
weight was greater than the smaller. Galileo, on the contrary, main- 
tained that they would both strike the ground at the same time, and, as 
his doctrine was generally disbelieved, he challenged his opponents to a 
practical trial. The experiment was made firom the top of the celebrated 
leaning tower of Pisa^ in the presence of a great concourse of people, and 
resulted in the complete triumph of GalUeo. 

167 What is the rule ly which ffie height from which a bodyfaUs may 
he found, the time consumed infaUing being knoumf 

MvUiply the smmre of tKe nwmher of seconds of time 
consumed in fatting^ hy the distance which a hoay wiU 
fall in one second. 

168 ffa stone is five seconds in falling from (he top of a precipict, how 
high is the precipice t 

The squa/re of five seconds is 25 ; this multiplied by 
16, the number of feet a hody .wiU fall in one secona, 
gives 400, the height of the precipice. 

160 What is a pendtdvm f 

A pendulum is a hea/mf hody^ as a piece of metal, 
suspended hy a wire or cord^ so as to swing backwards 
and forwards. - 

170 When is a peftvdukjm. said to vibrate f 

When it swings backwards and forwards ; and that, 
part of the circle through which4 it vibrates, is called 
its arc. 

171 What is a common clock t 

Merely a jpefndubwm^ with wheel-work attached to it, 
to recora the number of vibrations, and with a weight 
or spring, having force sufficient to counteract the re- 
tardmg effects ot friction and the resistance of the air. 

17S3 Eow hng musi a pendulum be to beataecondat 

About 39 inches. 

173 Why does a common clock go faster in winter (han insmmMrt 
2* 
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Length of pendolvm affects the rate of a dook. 

Because the pendulum-rod becomes contracted by 
cold in winter, and length&ned by Jieat in summer. 

174: Why does a change m the length of the penduium cause a^dock to 
go faster or slower f 

The number of vibrations which a pendulum makes 
in a given time depends v/pon its len^h, because a 
long pendulum does not j)erform^ its journey to and 
from the corresponding points of its arc so soon as a 
short one. 
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CHAPTER !• 

HOW WE APPLY POWER. 
1*3^6 What is a niachine f 

By a machine we understand a comhmcUian of m^ 
chanical powers adapted to vary the direction, applica- 
tion, and intensity of a moving force, so as to produce 
a gi/ven result. 

17S ^W?iai0s the cUference between a Tnachine and a tool t 

The difference between a machine a/nd a tool is not 
capable of very precise distinction. A tool is usually 
more dmple than a machine : it is generally used hf 
hand^ while a machine is generally moved by some 
other tham, huinan power. 

1-'7*7 Does a machine ever create power^ or increase (he quCtnUty of 
power or force applied to it f 

A machine will enable us to concentrate or divtde 
any kind or quantity of force which we may possess, 
but it no more increases the quantity of force than a 
mill-pond increases the quantity of water flowing in 
the stream. 

178 ^om what sowrces do we derive advantages by the use ofvMMnss 
and Tnanvfactwes f 

From the addition they make to human power; 
from the economy they produce of human time; from 
the conversion of substances apparently common and 
worthless into valuable prodtiots. 
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170 How do machines make additions to himum power f 

They enable us to use the powers of natural agents, 
as wind, water, steam; they also enable us to use ani- 
mal power with greater enect, as when we move an 
object easily with a lever, which we could not with the 
unaided hand. 

ISO Eov) do machines ptoduce economy of human time f 

'They accomplish with rapidity what would rgquire 
the hand unaided much time to perform. A machine 
turiis a gun-stock in a few minutes; to shape it by 
hand would be the work of hours. 

181 How do machines convert directs apparenUy worihiess into vaJmbh 
jproducts f 

By their great power, economy, and rapidity of ao- 
tion, they make it profitable to use objects for manu- 
facturing purposes which it would be unprofitable or 
impossible to use if they were to be manufactured by 
hand. Without machines, iron could not be forged 
into shafts for gigantic engines ; fibres could not be 
twisted into cables ; granite, in large masses, could not 
be transported from the quarries. 

18S Why are so many aU&mpts contintiaUy made to produce mechani- 
cal engines which shaU generate perpeimit motion f 

Because the projectors do not understand the great 
truth, that no forun or combination of machinery com, 
under any circumstances, increase the quantity of power 
applied, 

183 Whxii is the object of a machine t 

To recei/ve and distribute motion derived from an 
external agent, since no machine is capable of generat- 
ing motion or moving-power within itself. 

184: Whai are the principal s&wrces from wh&me power is obtained t 

Men and am^imals, water, wind, steam, and gunpow* 
der. The power of all these may be ultimately re- 
solved into those of muscular energy, gravity, heat, 
and chemical affinity. 

18S Are there any other sources of power f 

Yes ; magnetism, electricity, capiUary attraction, etc. ; 
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but none of these are capable of being used practically 
for the production of motion. 

186 How is muscular energy exertedt 

Through the carvtraction of the fibres which constituU 
(mimal muscles. The bones act as levers to facilitate 
and direct the application of this rorce, the muscles 
operating on Them through the medium of tendons, or 
otherwise. 

187 What animaia possess the greatest amount of muscular power t 

■Beasts of jprey. Some very small creatures, how- 
ever, possess muscular power in proportion to their 
bulk, incomparably greater than that of the largest 
and greatest of the brute creation. Kfiea^ considered 
relatively to its size, is far stronger than an elephmU or 
a Uon. 

188 In what vneOwd can a man exert the greatest acHve strength f 

In pulling upwards from Jj/is feet: because the 
strong muscles of the back, as lyeU as those of the up- 
per and lower extremities, are then brought advan- 
tageously into action. Hence the action of rowing is 
one of the most advantageous modes of muscular action. 

189 What is the estimate of the uniform strength of an ordinary man 
for the performance of daily Tnechanical labor t 

That he can raise a weight of 10 pounds to the height 
of 10 feet once in a second^ and continue to labor for 
10 hours in the day, 

10O What is a "horse-poTver ?" We say a steam-engine is of a «r- 
tain horse-power ; w?iat is the m,eaning of the term t 

The measure of a^^ horses power^^ adopted as a 
standard for estimating the power of steam-engines, is 
that he com raise a weight of 33,000 pov/nds to the 
height of one foot in a rmnnjute. 

181 Whai is the strength of a horse compared ivith that of man t 

Tlie force of one horse is considered to. be equal to 
that o^f/Ge men. 

18S What do we mean hy " water-powerf^ 

Tfie power obtained by the action of water, — applied 
generally to the circumference of wheels, which it 
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The moet common forms of water-wheels in use are the under-shot and 
over-shot, or breast-wheels. In the under-shot wheel, Mg. 8, a stream of 
water strikes agamst the " float-boards " or paddles, placed so as to receive 
the impulse of the water at right angles to the radii or spokes of the 
wheel. In over-shot or breast-wheels, Mg. 9, the water is received in 
cells or buckets on the top er side. In this case the wheel revolves 
through the agency of the weight of the water. 

103 Upon what does (he power of steam depend t 

Upon the tendency which water possesses to expand 
into vapor when heated to a certain temperature, 

194 What is gunpowder t 

A solid explosive substance, composed of saltmtre or 
nit/re^ sulphur^ and cha/rcoal^ reduced to powder, and 
mixed intimately with each other. 

IOC Upon wTiat does (he power of gunpowder depefnd t 

When brought in contact with any ignited substance, 
it explodes with great violence. A vast quantity of 
gas^ or elastic Jhtm^ is emitted, the audden production 
of which, at a high temperature^ is the cause of the 
violent effects which this substance produces. 

19B Is {he power produced vn the escplosion of powder ever used for 
propeUing machinery regularly t 

It is not, on account of its expensiveness and the sud- 
denness and violence of its action. It is chiefly applied 
to the throwing of shot and other projectiles, and the 
blasting of rocEs. 

1©*? What is the estimated firce ofgmpowder when eo^lodedt 
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At least 14750 pounds upon every sgruare inch of 
the surface which confines it. 

138 WTiai are the eseeniial properties of a gun f 

To confine the elastic Jhiid generated by the explo- 
sion of the powder as completely as possible, and to 
di/rect the course of the haU m a straight or rectilinear 
path. 

1O0 Why wiU a rifle send a haU more accuraJtdy (han a musket^ or 
ordinary gun t 

The space produced by the difference of diamuter 
between the odil and the here of the gun ^eatly di- 
minishes the effect of the powder, by allowing a part 
of the elastic fluid to escape before the ball, and also 
permits the ball to deviate from a straight line. Tlie 
advantage of the rifle-barrel is chiefly derived from 
the more accurate contact of the ball with the sides of 
its cavity. 

SOO To what distance may a haM he thrown hy a twenty-four pounder t 

With a quantity of powder equaJ to two-thirds the 
weight of the ball, it may be thrown about four miles. 

The eflfective range of a twenty-four pounder is, however much less 
than this. 

801 Eow muchfitriher would the same haU go, were the resistance of 
the air removed t 

About ^e Umes the distance^ or twenty miles. 

SOS Why is gunpowder always manufactured in liiUe grains? 

In order to cause it to explode more quickly^ by faci- 
litating the passage ofthejiame among the particles. 

803 By what terms are cannon of different sizes distinguisTiedf 

By the weight of the haU which they are capable of 
discharging. Thus, we have 68-pounders, 24-pounders, 
IS-pounders, and the lighter field-pieces, from 4 to 
13-pounders. 

S804 Are fkere any mare exptosive substances than gunpowder t 

Very many ; but all of them are too expensive or 
dangerous for practical use. 
805 By whom was gunpowder supposed to have leen discovered? 

It is generally agreed that gunpowder was used by 
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the Chinese many centuries before the £!hristian era. 
In Europe, its composition and properties were dis- 
covered bv Berihcld Sokwa/rtz^ a Prussian monk, in 
the twelfth century. It waa first used in battle in 
1346. 
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STBENOTH OF MATERIALS. 

806 When maieridls are employed for mechanical purpoBes^ upon tohcU 
does (heir power or strengih, apart from the nature of the malarial, depend 
for resisting extemai force t 

Upon the shcipe of the material, its hearing^ and the 
noiture of the force applied to it. 

207 In whai position will a bar or beam sustain the greatestappUcaHoJi 
of force f 

When it is compressed m the direction of its length. 

508 What do we msan by stiffness ofamaterialt 

It is the, resistance to the application offeree tending 
to bend it 

509 ffow much stiffer is a beam supported at both endSf than one of 
half the length Jirmiy fixed ai oTiiy one end? 

Twice as stif£ 

510 In what form can a given quantity of matter be arranged so as to 
oppose the greatest resistance to a bending force f 

In the form of a hollow tube or cylinder. 

811 Why off'e the bones of man and awimais hoUow and cyUndricai f 
Because in this form they can with the least weight 
of material sustain the greatest force. In man and 
animals, the hollow part of the bones is filled with an 
oily substance called marrow. 
SIS Why are the quitls of birds hoUow and empty of marrow f 
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In order that they may possess the greatest strength, 
and by their lightness assist in flying. 

S13 Why are iJie sterna of seeds and grain-bearing plants hollow tube^ f 

Because this disposition of matter gives to the stalk 
its greatest strength, enables it to resist the action of 
the wind, and sustain, without breaking, the ripened 
ear of grain or seed. 

814 Is a column with ridges projecting from itj stronger than one thai 
is perfectly smooth t 

It is. 

816 Why is a hoUow ivbe of metal stronger than the same quantity of 
meUH as a solid rod f 

Because its substance standing farther from the 
centre, has a greater power of resisting a bending 
force. 

Sie Gf two bodies of similar shape, but of different sizes, which is prO' 
portiondbly the weaker t 

The larger. That a large body mav have propor- 
tionate strength to a smaller, it must nave a greater 
proportionate amount of material ; and beyond a cer- 
tain limit, no proportions whatever will keep it to- 
gether ; but it will fall in pieces by its own weight. 

S17 Why cannot trees attain an unlimited height of trunk t 

Because, beyond a certain limit, the weight of the 
material will overcome the suj>porting strength of the 
materials 

818 Why is it impracticable to build ships beyond a certain size f 
Because the weight of the timber and other materials 
contained in them tends to cause them to fall apart. 

In 1826, two vessels, the largest ever constructed, were built in Ca- 
nada, of 10,000 tons burden. They were found to be weak firom their 
size alone^ and were both lost on their first voyage. 
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CHAPTER III. 

APPLICATION OF MATEEIAL8 FOR ABCHITBCTURAL OB 
BTEUCTUBAL PUEPOSE8. 

SIQ Wliat art cemmtat 

Cements are for the most part soft or semi-fluid sub- 
stances which have the property of hecoming ha/rd in 
timey and cohering with other hodiea to which they ha/oe 
heen applied. 

280 Of what are (he ordinary cemerUs which are called mortars comr 
posed f 

Of quicklime^ sand^ and water. 

881 Whai is quicklime f 

Quicklime is principally ^r^ Ze'?72«, and is obtained 
from the limestone rock, ordinary marble, or shells, 
which are composed of carbonate of lime, by calcina- 
tion. The effect of the burning is to drive off the car- 
bonic acid, leaving the lime pure and uncombined. 

S3SS What is docked lime f 

If quicklime obtained as above described be wet 
with water^ it instantly swells and cracks, becomes 
exceedingly hot, and at length falls into a white, soft, 
impalpable product This is denommated ^^ docked 
lime. 

SS3 What is ordinary whiiewasht 

A mixture of slacked lime with water. 

2384 Why shoM slacked Ume intended for mortars he exduded from 
the air, or used soon after it has been prepared f 

Because if exposed to the air it absorbs carbonic 
actd^ and becomes converted again into its former con- 
dition of carbonate of lime, 

885 Why does mortar become hard after a few days I 

A portion of the water evaporates, and the lime by 
a sort of crystallizatioa adheres to the particles of sand 
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and unites them together. The lime also gradually 
becomes converted into carbonate of lime. 
OSO Whal sand is most suHdble/or the formation of mortar t 
That which is wholly ailidovs and is sharp / that is, 
not having its particles rounded by attrition. 

SS7 What are (he proporUons of lime and sand in good mortar t 

The proportions are varied in diflferent places : the 
amount of sandy however, always exceeds that of the 
lime. The more sand that can be incorporated with 
the lime the better, provided the necessary degree of 
plasticity is preserved. 

888 Whai are waier, hydropic, or Roman cements f 
Those which have the property of ha/rdening v/nder 
eatery and of consolidating almost immediately on be- 
ing mixed. 

dSd To what cause do the water-cements owe (heir property of becoming 
hard wider water f 

The cause is not satisfactorily known: all water- 
cements contain a portion of burnt day^ which proba- 
bly absorbs immediately all superabundant moisture 
from the lime, and thus expedites its solidification. 

This explanation is rendered more probable from the fact, tiiat if the 
clay is burnt sufficient to vitrify it or convert it into brickj it ceases to 
form a water-cement 

830 What are (he constituents of a wcUer-cement t 

QtdoJdime^ samd or silica^ and a proportion of day. 

831 Whaiissi!wxio% 

8i/ucco is composed of various ineredients, generally 
of '^ plaster of Jra/risy'^ sometimes of white marble pul- 
verized and mixed with plaster and lime. 

838 WhoOsterrorCoUaf 

literally, haked da/y^ a name given to statues, archi- 
tectural ornaments, vases, figures, etc., modelled of 
potters'-clay and fine colorless sand, and afterwards 
exposed to a most intense heat. 

833 Why are bricks when burned usudUy of a red color f 

Because the iron contained in the clay is converted 
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by the heat into the red oxide of iron, and acts in lliis 
state as red coloring material 

S34 Why are the bricks manufiic^red at Chicago^ and some <}(her 
parts of the Western country, of a white or yeOow cohrt 

Because the claj/ of which they are fonned does not 
contain sufficient won to color them. 

836 Why did the children of Israel in making bricks desire to mix 
straw with the clay f 

The bricks of the Egyptians were composed of clay 
simply baked in the &un, and not burnt By using 
sti*aw the clay was held together more firmly and the 
brick rendered stronger. 

836 Why are the Egyptiams enabled to dispense with the process of 
burning the bricks f 

The extreme dryness of the climate in which they 
were used enable them to dispense with the burning. 
Bricks from Egypt and Babylon, which have remained 
exposed to the open air uninjured for two thousand 
years, rapidly fall to pieces when transported to a 
moist climate. 

S37 Why do we mix hair with mortar t 

In order to render it more coheawe and stronger. 

338 What are tHest 

Plates of burnt clay resembling bricks in composi- 
tion* and manufacture, and used for the coverings of 
roofs or floors. 

830 What is mastich or mastic t 

The name ffiven to those cements which contain ani- 
mal or veffetaole substances in composition. Mastich 
used for tne external decoration of houses often con- 
tains oil and a preparation of lead. 

S40 WhatispuUyf 

Putty, used by glaziers in setting window-glass and 
for other purposes, is composed of whiting and linseed- 
oil, mixed and worked together. Whitmg is simply 
common chalk ground and purified. 
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CHAPTEE IV. 

FBINOIPLES OF ASCUlTECrUKE 
841 WhaiisarckUeeiuret 

In its general sense it is the art of erecting bnildings. 
In modem use, this name is often restricted to the ex- 
ternal yi>r7?w or styles of building. 

8<4:23 To whoA cause do tke diffcrad varietiea of arcMiecture owe their 
origin f 

To the rude structures which the climate or materials 
of any country obliged its early inhabitants to adopt 
for temporary shelter. 

These stractures with all their prominent features have been afterwards 
kept up by their refined and opulent posterit j. Thus the Egyptian style 
of architecture had its origin in the cavern or mound; the Chinese ardii- 
tectUre is modelled from the teTU; the Grecian is modelled from the 
wooden cainn ; and the Grothic from the bower of trees. ' 

S343 What kind of aha^ is it most probable ihat ihefltst human Jiabi' 
ialions assumed? 

We have every reason to believe that huts of a 
conical form were first constructed. 

844 Whyf 

First, on account of their being easily erected, and 
as easily removed ; secondlv, because meir declivity 
on all sides would cause tne rain to run off; an<}, 
thirdly, owing to their breadth at the base and their 
gradually growing to a point at the top, they were 
capable of resisting the ordinary force of the wind. 

S45 Are conical huts anywhere in use at the present timet 
Yes ; we find them still used by the uncultivated in- 
habitants of the South Sea Islands, by the American 
Indians, by the Hottentots, the Kamskatschans, and 
other uncivilized tribes. 
84e What are the three chief properties of a good huOding t 

Usefulness, strength, and beauty. 
847 Saw are they to be attained f 
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The proper arrangement of the respective parts of 
the building will insure its usefulness. Its strength 
will princjpallj depend on the walls being laid oa a 
^ood and nrm founaation, of sufficient thicSiess at the 
bottom, and standing perfectly perpendicular. And if 
all the parts of a budding correspond with each other, 
and are handsome in themselves, then the architoct 
may rely on its beauty. 

84:8 W?uU are the esieniiai elementary porta of a building f 

Those which contribute to its si^pport^ ifidasurey and 
covering. 

S4:S WhcUiaapilet 

A cylinder of wood or metal pointed at one extremity 
and driven forcibly into the earth, to serve" as a support 
or foundation of some structure. It is generally used 
in marshy or wet places, where a stable foundatiou 
could not otherwise DC obtained. 

860 Why are long cohmina supporting great weights made smaUer ai 
the top than at the bottom f 

Because the lower part of the column must sustain 
not only the weight of the superior party but also the 
weight which presses equaUy on the whole column. 
Therefore the thickness of the colunm should gradually 
decrease from bottom to top. 

851 In the eonstruc" 
Uon of buildings variotts 
terms are employed to de- 
signate the method in 
which the timbers are 
fitted into each other: whai 
do we mean by mjortisingi 

Mortising is a 
method of tnsertion 
'in whicn the pro- 
jecting extremity 
of one timber is 
received into a perforation in another. (See fig. 10^ 

852 Why are steep roofs, or those constructed with considerable HtsU' 
nation^ best adapted for hxmes in cold climates t 

In order that the snow may not be retained upon 




FIff. 10. 
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Tenons. 



Scarfing. Tongaelng. Aieh. 



them, which otherwise would be liable to injure the 
building by its weight. 
SC3 Whatis a rrwrtisef 

The opening or hole cut in one piece of wood to 
admit \X\q projecting extremity of another piece. 

264 Whaiiaaienonf 

The end of a piece of timher which is reduced in di- 
mensions so as to be fitted into a mortise for fastening 
two timbers together. 

2356 What 18 scarfing and interlocking t 

It is that method of insertion in which the ends of 
pieces overlay each other ^ <md are indented together, so 
as to resist longitudinal strain by extension, as in tie 
bearers and the ends of hoops. {See Jig. 11.) 




Fie. U. 
S6G What is iongtteiiig and rabbeting t 

It is that method of insertion in which the edges of 
hoards are wholly or partially received by chan/nels in 
each other. 

S6r Wkatisanarcht 

It is a part of a structure or building suspended over 
a hollow, and concave towards the area of the hollow. 

S68 Js it hnovm ai what t^me the arch was invented f 

It is not ; it does not appear to have been known to 

the ancients. 

26Q Why is an arch capable of resisting a greater amount of pressure 
than a Tiorixantal or rectangvlar structure constructed ofihe same mar 
terialst 

Because the arrangement of the materials composing 
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BoTetalUng. Confltrnctlon oftheskiilL Egg-aheDflw 

the arch is such, that the force which would break a 
horizontal beam or structure is made to compress all the 
paHides of the a/rch alike^ and they are tlierefore in no 
danger of oeing torn or overcome separately. 

Seo Whai is moardlty dovetailing f 

It is a method of insertion in 
which the parts are connected 
hy Wedge-shaped inderUoMon^^ 
which permit them to be sepa- 
rated only in one direction. {See 

Fit. la. J^' 1^-) 

261. What beauUfid qppUccUion of (ke arch eonsts in (he human struo 
iuref 

In the shiUy protecting the brain. The materials 
are here so arranged as to present the greatest strength, 
with the least weight. 

86d Why is it difficuU to break an egg hy pressing directly upon its 
endsf 

Because the shell of the egg is constructed on the 
principle of the a/rch^ and is therefore capable of re- 
sisting great pressure. 

803 Why is a dished or arched wheel of a carriage much stronger for 
resisting all kinds of shocks than a flat wheel f 

In an ai'ched or dished wheel, the extremity of a 
spoke cannot be displaced inwards, or towards the car- 
nage, unless the rim of the wheel be enlarged, or all 
the other spokes yield at the same time ; and it cannot 
be displaced outwards, unless the rim be diminished, 
or the other spokes yield in an opposite direction. 

Now the rim, being strongly bound with a tire of iron, cannot suffer 
either increase or diminution, and the strength of all the spokes is thus 
conferred by it on each individually. In a fiat wheel, a given degree of 
displacement, outwards or inwards, of the extremities of a spoke, would 
less affect the magnitude of the circumference, and therefore the run of 
Buch a wheel secures it much less firmly. 

864 Why are the fore wheels of carriages smaUer Hum the hind 
whedst 

Because they facilitate the turning of the carriac^e. 
The advantage of the wheel is proportioned to the mag- 
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Aroh. Orders in architeotaro. Gofhio stmctoreB. 

nitude; the smaQer wheel having to rise a steeper 
curve. 

SQ5 WTuU is (he aibutment or springing of an arch t 

The top of the wall or walls which receive the Jhrst 
a/rchrsUmes. 

^66 Whal is meaid by an order in archiiedure t 

By an architectural order, we understand a certain 
mode of a/rra/ngmg and decorating a coVwmm^ and the 
adjacent parts of the structure which it supports or 
adorns. 

Se7 E<mmamyoTd£Tsarttecogfniised% 

Fwe: — ^the Doric j lonic^ and CorintMcm, derived 
from the Greeks; to these the Eomans added two 
others, known as die Tuscan and Composite, 

S68 ffow do pikisters differ Jrom cokmms t 

Only in their plan, which is squarej as that of 
columns is rawnd : pilasters are attached to walls. 

see What is a portico f 

A portico is a coni/inued ramge of colwmms covered at 
the top to shelter from the weamer. The portico of the 
temple at Falinyra was Ml four thousand feet long. 

a70 WTuU are bdktsterst 

Small cdumna^ or mllafn of wood^ stonej dho*j used 
in terraces or tops of ouildings for ornament ; also to 
support railing. When continued for some distance, 
they form a balustrade. 

S71 Where did the Gothic order of orchiAeciure originate? 

Among the northern nations of Ev/rope. Aflber the 
destruction of the Koman empire, it was introduced to 
the exclusion of the Greek and Soman manner of 
architecture. It seems particularly adapted to reli- 
gious edifices. 

878 WhaX are (he characteristics of the Gothic architecture f 

Pointed arches, with greater height than breadth in 
the proportions, ^oith prcfuse omamefni, chiefly de- 
rived from an imitation of the leaves and flowers of 
plants. 

3 
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Bad taste In arcbitectnre. Colomns. Capitals 

S373 Whai is scud 1o have been (he model of ihe aisle of a Gothic caXha' 
droit 

A groitp of tall trees, meeting at the top with inter- 
woven branches. 

1374 Ought architecture to be considered as a fine or a useful art t 

As a usefvl art. 

It is deeding the fine art« to make them entu^ly subservient t6 
utility. It is out of taste to make a statue of Apollo hold a candle, or a 
fine painting stand as a fireboard. Our houses are for use, and architec- 
ture is therefore one of the useful arts. In building, we should plan the 
inside first, and then the outside to cover it. 

575 Why is it bad taste to construct a dwelling-house in the form of a 
Grecian temple f 

Because a Grecian temple was intended for external 
worship, not as a habitation or a place of meeting. 

576 Had the Goths^ who plundered Rome^ anything to do with the 
invention of Gothic architedu/ref 

No ; the name was introduced about two hundred 
years ago as a term of reproach, to stigmatize the 
edifices of the Middle Ages, which departed ixom the 
purity of the antique models. 

e77 Whai is the fofodeqf a building t 

Itsfront 

©78 Whai is a pedestal? 

The lower part or lose of the column; a continued 
base, on which a range of columns is erected, is called 
a stylobate. 

Q70 Whaiisihebaseofacokmnt 

The lower partj where it is distinct from the shaft. 

880 What is ihs shaft f 

The middle or longest j?flw^ of the column. 

88X Whal is ihe capital f 

The upper or ornarrieriikxl pa/rt resting on the shaft. 
The height of a column is measured in diameters of 
the column itself, always taken at the base. 

©Sa WhalislheplinlhJ 

This term is applied to the lower paH of tJiepededaly 
or to any square projecting basis, such as those at the 
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Entablature. 



Arehitnre. 



Frlefe. 



bottom of walls, and under the base of columns. The 
lower part of the pedestal being called the plinth, the 
middle part will be termed the die^ and the upper 
part Ae cornice of the pedestal. {See Jig. 13.) 



Entablatnie.. 



Golmiiii.. 



Btylobate or Pe- 



Btylobat 
dMtal 



1 




Fig.l^ 



S88 Whaiia Ihe erUdblaturet 

The horizontal corvtrntu/us portion which rests upon 
the top of a row of colmnns. 

^384 What iaihe architrave t 

The lower part of the entablature. 

©86 What is Ihe frieze t 
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DuTabillly of building xDAterlalA. EiTect of the atmoephere on rocks. 

The middle paH of the entablature. 

S38e Whatis the comicet 

The upper or prmectmgjpaH of the entablature. 
{For iUvstration of these different terma^ see Jig. 13.) 

©87 In selecting a stone fn^ arckHectural ptvrposeSj how may we he aUe 
tof(yrm an opinion respecting its durability arid permanence? 

By visiting the locality from whence it was obtained, 
we may judge from the surfaces which have been long 
exposea to toe weather if the rock is liable to yield to 
atmospheric injhcences^ and the conditions under which 
it does so. 

^* For example, if the rock be a granite, and it be yeiy uneven and 
rough, it may be inferred that it is not very durable ; that the feldspar, 
which forms one of its component parts, is more readily decomposed by 
the action of moisture and frost than the quartz, which is another ingre- 
dient; and therefore that it is very unsuitable for building purposes. 
Moreover, if it possesses an iron-brown or rusty appearance, it may be 
set down as highly perishable, owing to the attraction which this metal 
has for oxygen, causing the rock to increase in bulk, and so disintegrate.'' 

888 Why are the sandstones, termed freestones, HI adapted for the 
external portions of exposed buildings? 

Because thefy readily absorb fnoistiire ; and in coun- 
tries where frosts occur, the freezing of the water in 
the wet surface continually ^efo off the external por- 
tions, and thus, in time, all ornamental work upon the 
stone will be defaced or destroyed. 

S89 Why do some species of rock becoTUe harder when taken from OiA 
quarry and exposed to the atmosphere ? 

This quality, in some species of stone, arises from 
the fact that the tvater contained in it, when fonning 
part of the natural rock, evaporates^ and the stone, 
becoming dryer^ becomes harder, 

Q90 Why da Some stones, although hard when first quarried, become 
friable, andfaU to pieces, when exposed to the atmosphere ¥ 

Because they contain clay or alumina in fuch jrtltate 
as to readily absorb moisture from the atmosphere ; and 
through the agency of the moisture the particles lose 
their cohesfion and fall apart , 
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PART m. 

THE LAWS AND PHENOMENA OF FLUIDS. 



891 £Uo iBhai Uoo da$8e$ may cMflmi mMcmoea be iiMdedf 
Into liquids, as water, oil, molasses, etc. ; and into 
gases, as common air, carbonic acid gas, oxygen, and 
others. 

sod WhoA destgnation do toe give to those bramhes qf science^ which 
irecU of the laws €md phenomena of liquids f 

Hydrostatics, which considers the laws and pheno- 
mena of water and other liquids in a state of rest ; and 
hydraulics, which considers the laws and phenomena 
of liquids in motion. 

Q03 What designation do we give to that department of science which 
irecUs of the laws and phenomena of gases, and o&ysr sviaUmces reaemJlMng 
avrf 

We apply the term Pneumatics to that department 
of science which explains and iUustrates those pheno- 
mena which arise from the weight, pressure, or motion 
of common air and other gaseous bodies. 



CHAPTER I. 

WATER m MOTION AND AT KEST. 

804 When water or any other fluid is at rest, tn whai im/diiJliUm is Ha 
surfajcef 

The surface of water at rest is always perfectly level. 
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How we make an aqnedaot 



8Q6 Why is ihe awface of a fluid at rest aiways level f 

Because the particles are equally attracted towards 
the earth hy gramty^ and are all equally and perfectly 
movable among themselres. 

S06 H(m sUgJU a dedivUy is suffiderU to give a running moUon 1o 
water f 

Three inches to a mile in a smooth, straight channel, 
gives a velocity of about three miles per hour. The 
river Ganges, at a distance of 1800 miles fix)m its 
mouth, is only 800 feet above the level of the sea. 

807 On what pHnc^ are we enabled to condud water under ground 
through irregular tubes f 

On the principle that water wiU always rise to an 
exact level vn, dij^erenl tfuhes^ pipes ^ or vessels corrmiv/ndr 

cating with each other. 

If we connect together a 
series of vessels, no matter 
how various their shapes and 
capacities, so that water maj 
rise fix>m the main channel, 
A By into them, we shall find 
upon pouring water into one 
that it will rise to the same 
^- !*• level in all the vessels. 

The dependence of all arrangements for conveying water in aqueducts 
tmder ground upon the principle, that water in dosed tabes or vessels 
rises to a uniform level, is dearlj shown in Fig» 15 : a^OyOy represents 
the water-level of a pond or reservoir upon elevated ground. From this 
pond a line of pipe is laid, passing over a bridge or viaduct at d^ and 
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tmder a river at c The fountains, at 5, Z>, show the stream rising to ita 
level in the pond, a, at two points of very different elevation. 

S©8 In what part of a river does the waierflow most rapidly f 

In the rrdddle of the stream^ at the surface. On the 
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Origin of springs How water oollects in wells. 

sides and bottom the velocity is diminished by the 
friction of the water against the banks, bars, etc. 

299 WJiat is the origin of springs f 

The water falling upon the earth sinks dovmwa/rds 
through the sand and porous materials, until an imper- 
vious ^^<^ of clay or rock is reached. Here the waier 
a/icurmdates^ and finally hursts out at some point where 
the impervious bed or strata comes to the surface in 
consequence of a valley or excavation. 

Suppose a (i^. 16) to 
be a gravel hill, and 6 
a strata of day or rock, 
impenrioua to water. 
The fluid peroolating 
through the gravel 
_^^___^^^__^__^^___^_^^^^ would reach the imper- 
p. jg vious strata, along 

' which it would run un- 

til it found an outlet at c at the foot of tiie hill, where a spring would bo 
formed. 

800 Why does not the loaier ooze out everywhere along the line ofjuno' 
Hon of (he two fbrmaiions — the gravd and the rock or clay — so as to form 
one continuous lund aoakf imtead ofaf&o springs only, and these far distant 
fron one another f 

For tuoo reasons : first, on account of rents and ^ 
aures in the layers of rock, which act as natural drains * 
secondly, the existence of inequalUies in the surfxee 
of the impermeable stratum, which lead the water, as 
valleys do on the external surface of a countiy, into 
certain low levels and channels* 

301 Why does (he water collect in an ordinary weUf 

An ordinary well consists of an excavation continued 
until a strahcm or layer of day or rock is reached that 
is permanently saturated with water. They are not 
commonly supplied by springs, but merely by the 
draining of the water which exists within the circuit 
of a few yards into a cavity. 

803 Why do weUs and springs fail oftentimes in dry weather f 

Because they are supplied by the water faUina as 
rainj which percolates irom the surface of the earth. 
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803 Whaiis an Artesian wdlt 

"Water is sometimes obtained by baring into the 
earth with a species of auger, mitil a vein or sheet of 
water is fonnd, which rises to the surface through the 
cylindrical excavation. Such excavations are called 
Artesian wells, because the method was first invented 
and employed at Artois, in France. 

Q04i Bow do you account for the waier rising to the swrface in Arte- 
Biariy and sometimes in ordinary wells f 

Strata which are pervious frequently alternate with 
others which are not so; or may form a hasi/n^ the 
area of which is partially filled with clay^ through 
which water cannot pass ; in such a case it is obvious 
that the bed of sand oeneath the clay, fed by the rain 
which descends on the uncovered margin of the basin, 
must form a reservoir where the water will graduallv 
accumulate beneath the central layer of clay, through 
which it cannot escape. K the bed of clay be pene- 
trated hj natural or artificial means, the water must 
necessarily rise to the surface, and may even be thrown 
up in a jet to an altitude wliich will depend on the 
level of me fluid in the subterranean reservoir. 



Fig. 17. 

Thus, if a sandy stratum, a a (Mg. 17), acting as a filter, occupies an 
inclined position between two other strata impervious to water, such 
as jclay, the water being absorbed by the superficial parts of the strata, 
as at a a (which may be of very great extent), will penetrate through its 
whole depth, and, finding no egress below on account of the basin-like 
form of the stratum, or fiSm its resting at the lower termination upon a 
compact rock, will accumulate. The porous strata, therefore, becomes a 
reservoir to a greater oi" leas extent, and i^ by boring through the super- 
incumbent mais, we ton an (^)ening into the stratum, as at 6, the water 
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"EtSdct of drmlnage upon springs. Pressure of water. 

will rise in it, and flow over in a jet proportional to the height of the 
water accumulated in the stratum from whence it flows. 

SOS WJiai genercd effect does the cuUivdtion and drainage of a country 
have upon the springs f 

In a well cultivated and improved country the 
springs are comparatively few in number and not con- 
stant. While tne face of a country is rough, the rain- 
water remains long among its inequalities, slowlv sink- 
ing into the earth to feed the springs, or slowly run- 
ning away from bogs and mai^shes towards the rivers ; 
but in a well drained, country the water runs oflF quick- 
ly, often producing dangerous floods. 

30Q Bow is the pressure qftvaier exerted f 
Equally in all directions. 

307 Does waier^ contained in a vessel^ press with as great Jbrce against 
ihe sides and top as against the Jwtiom f 

The pressure, in all directions, is the same 

308 What is the resuU if a corked empty bottle he lowered into the 
ocean for a considerable depth f 

The cork is generally forced inwards at a given 
depth, no matter in what direction the mouth erf the 
bottle may happen to point. 

809 Jf the cork is fastened immovably into the hotUe^ what ujiU be the 
effect f 

The bottle will be crushed inwards by the pressure 
before it reaches a depth of sixty feet. 

310 Wh^en a ship founders m shaUow water, the wreck, on breaking to 
pieces, generally comes to the st^face and is cast upon the shore ; htU when 
a ship sinks in very deep water, it never rises : why is this f 

The pressure of very deep water forces the water 
into the^or^ of the wood^ and makes it so heavy that 
no part of the wreck is enabled to rise again. 

311 Can you sink a cork so deep that it wiU not rise to the surface 
again f 

At a great defpth the water forced by pressure into 
the pores of the cork renders it so heavy that it cannot 
rise. 

813 What is the pressure of water expressed in numbers f 

The pressure of water at any depth, whether on the 
3* 
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What is water? What to Iwrd water? 

sides of a vessel or on its bottom, or on any body im- 
mersed in it, is nearly one pound on the square inch 
for every two feet of depth. 

813 WhaiisiOcOerf 

"Water is a ^uid composed of oxygen and hydrogen^ 
in the proportion of eignt parts of oxygen to one part 
of hydrogen. 

814 Why is water fluid f 

Because its particles are kept separate by latent 
heat; when a certain quantity of this latent heat is 
driven out, water becomes solia, and is called ice. 

Bj increasing its IcUent heat, the particles of water are again subdivided 
into invisible steam, 

816 Why is spring water generally caUed " hard toater f " 

Because it is laden with J^oreign maMera, and will 
not readily dissolve substances immersed in it. 
816 What makes spring or well waier genearUy hard f 

"When it filters through the earth, it becomes im- 
pregnated with sulphate of lime, carbonate of lime, 
carbonic acid, magnesia, and many other impurities, 
from the eoHhs ami minerals with which it comes in 
contact. 

81*7 Whai is (he cause of mineral springs f 

When water trickles through the ground, it dissolves 
some of the substances with which it comes in contact ; 
if these substances are retained in solution, the water 
will partake of their mineral character. 

818 W?ien is a mineral toater called a chah/heaie f 

"When it contains irotij in some form, dissolved in it. 

810 Minerai springs exist in aM parts of our country : whai is the 
nature of the sttbstances contained in them t 

The great majority of them are only impregnated 
with iron^ salt^ or sulphur. Some few, however, con- 
tain many different substances, as the mineral waters 
of Saratoga. 

820 Why are springs containing iron in large quantities beneficial to 
fome invalids f 

Because the iron contained in the water acts as a 
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ionic ; that is, it strengthens and invigorates the sjs- 
tem. 

821 Whtd qtMfUUy of mineral maUer ia ffenerdtty contained m eofn- 
paraUvely pure naiural waters f 

Any water which contains less than Jif teen grains of 
solid mineral matter in a gallon, is considered as oomr 
jHx/rati/oelA/ pure. Some natural waters are known so 
pure that they contain only ^V^h of a grain of mineral 
matter to the gallon, but such instances are very rare* 

Waters obtained from different sottioes may be classed as regards com- 
parative pnrity as follows : 

Bain water must be considered as the purest natand water, espedallj 
that which fidls in districts remote fh>m towns or habitations; then 
oomes river water; next, the water of lakes and ponds; next» spring 
waters ; and then the waters of mineral springs. Succeeding these, are 
the waters of great arms of the ocean into which immense rivers dis- 
charge their volumes, as the water of the Black Sea, which is onlj 
bra<£ish ; then the waters of the ocean itself; then those of the Mediter* 
ranean and other inland seas ; and last of aU, the waters of those lakes 
which have no outlet, as the Dead Sea, Caspian, Great Salt Lake of 
Utah, etc. eta 

8213 How muck solid WMUer is ordinarily contained in a gallon of sea 
water? 

From twenty-two hundred to tuoerUy-eigkt hundred 
grOtvns. 

8133 How mmch soUd matter is contained in a gallon of water from ih§ 
Dead Seat 

From eleven thmsamd to twenty-one thousand grains j 
or nearly one-fourth part of its weight. 

884 Does air exist in aU natural waters f 

It does : fishes and oth^r marine animals are depend- 
ent on the air which water contains for tlieir existence. 

8S6 WovJd absolutely pure water act as a poison to a fish f 

The fish would die of suflEbcation in such water. 
8236 Where is the purest water to he found as a natural product f 
The purest natural water that can be procured ia 
obtained by melting fresMy-faUen snow^ or by receiv- 
ing rain in clean vessels at a distaupe from houses. 

827 Why is flowing water not liable to become stagnant f 

Because its currents carry away all contaminatmg 
tti&«^a9u>M to the bea. 
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Spring inter iparklcaw Bain water, wbj aoft. 

8S8 What makes water bubf^ and sparkkf 
The cm* or gets contained in it 
8d9 Why does soapy water, espeewBiy, hMltef 
Because soap makes water tenacious, and prevento 
the bubbles from bursting as soon as they are formed. 

880 When soap^mbbks are Uown from apipe, why do they ascendt 

Because they are filled with the warm air of the 
lungs, which is lighter than cold air. 

381 Why is water fr-esh from the weQ or fountain more sparMing and 
refreshing than (he same water after it has been for some Ume esxposed to 
iheairt 

All spring and well waters contain aimospkerio air, 
cxygerij and ca/rbonic add gases, dissolred i9 them. 

The amount of these substances contained in water, depends upon its 
temperature, cold water dissolving and retaining a larger quantity than 
warm or tepid waters. When cold waters from springs or fountains are 
exposed to the air, thej become elevated in temperature, and the gases 
contained in them escape, rendering the water flat and in«pid. The 
prindpal agent in Imparting a sparkle and freshness to water is atmo- 
spheric air, and not carbonic acid, as is often supposed and taught The 
quantity of carbonic add present in ordinaiy spring waters is generaUy 
inconsiderable. 

83d Why is it diffiadl to wash with hard waier t 

Because the water contains sali/ne matters, which 
deprive the water of a part of its solvent power. 

838 Why is it difficuU to wash wiffi soap in saU water t 

Because soap is msolvble m salt water, 

83^ Why does water dean, dirty linen t 

Because it dissolves the stcmhs as it would dissolve salt. 

836 Why does soap greatJly increase the deansmg power of water f 

Because many stains are of a greasy nature ; and the 
alkali of the soap has the power of tmiting with greasy 
matters, and rendering them soluble in water. 

838 Why is rain water soft f 

Because it is not impregnaied with ea/rths and rrnm^ 
rails. 

887 Why is it more easy to wash with soft water than with hard? 
Because soft water wiites fredy with soap and dis- 
Eolves it ; in hard water the soap is either insoluble or 
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Aetioii of soap on water. The eea, why adt ? 

becomes decomposed. The solvent power of water 
increases also with its purity or softness. 

33S WJien we wash wWi soap in wceter what chemical action takes 
phcef 

The soap is resolved into a fatiy mbstcmce and an 
(HhaU ; the alkali dissolves most of the organic sub- 
stances which constitute the dirt which we wish to 
remove, and the greasy matter effects by its lubricity 
an easy washing away of the dissolved matter from 
other substances. 

33S Why do wood ashes render hard water soft f 

Because they contain a powerful alhxU — ^potash, 
which removes or neutralizes those impurities in the 
water which rendered it hard and unfit for washing. 

840 Why does sugar or saU give a flavor to water f 

Because the sugar or salt (being separated into very 

nmrnte jpariide^ fioais about in uie water, and mixes 

with it mtimately. 

341 Why does hoi water dissolve sttgar and sdU more readify than 
cotdtoaierf 

^ Because the heat of the water assists its solvent ao- 
tioriy and opens for the water a passage through the 
particles of the substance. 

S'^S Why is the sea saUf 

The sea has undoubtedly derived all its salt and 
other soluble mineral substances by washings ^rom 
the land. The streams that have flowed into it for 
ages have been constantly adding to its quantity, until 
it has acquired its present condition. 

343 Why is not rain water saU^ aUhough most of it is evaporated 
from (he sea t 

Because salt will not evaporatej and therefore when 
sea water is turned into vapor, its salt is left behind. 

344 Is ihere more or Jess ofsait in every spring^ river, or lake f 

The saline condition of sea water is but an exagge- 
ration of that of all ordinary lakes, rivers, and springs ; 
they all contain more or less qf salty but their contentu 
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are continually changing and discharging themselves 
into the sea ; therefore the salt does not accumulate. 

846 Is every lake into uMch riven flow^ and from whkh ikere is no 
outlet excqai by evaporaiionj a saU lake t 

It w/ and it is curious to observe that this condition 
disappears when an artificial outlet is provided for such 
waters. 

Such lakes are the Dead Sea, the Caspian, the Sea of Aral, and the 
Great Salt Lake of Utah, the saltness of all of which exceeds that of the 
ocean. 

846 Whai good purposed does the presence of so muchsaU in the ocecn 
subserve f 

It depreesea the freezing poirU of the water many de- 
grees, thereby diminishing the dangerous facility with 
w&ich fields of ice are formed in the polar regions ; it 
also aids in preventing the corrwpt/ion of tJie waiter by 
the accumulation of animal and vegetable remains. 

847 What are the substances ex^aded from (he earth which we find 
in sea water f 

The most abundant substance is common salt ; next, 
certain combinations of ma^gnedaj then eaUe of lime^- 
with small proportions oi potash^ vron^ iodine^ and hro- 
wine, 

848 Are (hese substances fimnd in most springs f 

^ith the exception of iodine and bromine, they may 

be found in small quantities in almost ail springe and 

rivers. 

84Q Are those substances which we caU impurities in water of any ser* 
vice to aniinal or vegetable systems f 

Tliey give to water its freshness and sparkling pro- 
perties ^' pure distilled water is very disagreeaole to 
drink ; these substances are also generally beneficial to 
the systems of plants and animals, and are absorbed by 
them with the water. 

850 Does water form part of the composition of mast bodies f 

It enters directly into the composition of nearly all 
orystallizahle bodies and most orgo/nic compounds. 

851 Jff the waters of the ocean were not agitated by winds^ ewrenie, 
and Odes, what would be ihe eff&i% 
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The water would become stagnomt. ^ 

865 Win water contaminated with animdl and vegetable maMer tmder 
some circumstances purify itself 

•Water contaminated with animal and vegetable mat- 
ter, if kept for some time, undergoes a spontaneous 
miri^cat^^on, losing its offensive odor and color, and 
depositing more or less sediment. "Water, for the sup- 
ply of ships, is well known to undergo tins process of 
purification by fermentation ; and the larger the quan- 
tity of destructible matter suspended in it, the more 
complete and rapid is its purification. 

853 Whatisatidef 

A tide is a w(we of the whole ocean^ which is elevated 
to a certain height, and then sinks, after the manner 
of a common wave. 

3B4b What is (he cause qftidesf 

The ati/rctction of the swn wad moon upon the waters 
of the ocean. The moon being nearest to the earth, 
her attraction is six times greater than that of the sun. 
This attraction of the moon raises the waters of the 
ocean as they come under her influence by the motion 
of the earth on its axis. 

866 E(m many Odes are fkere in a day? 

Two in every lunar day — a period of 24 hours 49 
minutes. 

868 What tides are the highest t 
" The spring tides. 

867 Why are they higher than at other periods t 

Because the su/n and moon are then in such a posi- 
tion that they exert their influence together. For every 
five feet of height in tide produced by the moon, the 
influence of the sun adds one foot. 

868 What are neap tides ? 

Zow tides. 

86G Why are neap tides loufer than other tides f 

Because then the sun and moon have such positions 
that their attractive influence is opposed to eo/oh other ; 
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and for every six feet of the moon's tide, the opposite 
attraction of tlie sun takes away one foot 

360 How fast does the tide wave move f 

-The rate of movement of the tide wave depends 
upon the nature and depth of the sea bottom. W ith a 
depth of one fatliom, its rate is eic/ht miles per hour ; 
and with one hundred fathoms, eighty miles jper hour. 

S01 Does (he Tieighi of Vie same tide vary in different places f 

The height of the tide in different places depends 
much on tixe configuration of the land i the same tide 
may rise in one place three inches, and in another 
place thirty feet. 

36<3 At whai period dwring the day is it high water f 

When the moon passes the meridian — ^that is, when 
it is nearly vertical over the place — ^the sea is elevated 
to the greatest extent, and it is said to be high water. 

863 When is it low water t 

When the moon is upon the horizon, or about six 
hours after high tide. As the moon passes the meri- 
dian below the horizon, another elevation occurs, so that 
we have the ebb and flow of the tide twice every day. 

364 How much later does the tidal ebb and flow occur each day f 

" The time becomes later every day by about fifty 
a/ad a half minutes, which is the excess of a lunar day 
above a solar one: 28^ minutes of the former being 
equal to 27^ minutes of the latter. 

866 Whai is the cause of ordinary sea waves f 

The wind, pressing unequally on the surface of the 
sea, depresses one part more t&an another ; every de- 
pression causes a corresponding elevation, and these 
undulations are called wooes. 

It must be remembered that waves have no other than a vertical jno- 
tion, i.e. up and down. Any substance, as a buoy, floating on a wave, 
is merely elevated and depressed alternately; it does not otherwise 
change its place. 

866 If waves are statumary^ and only move up and dou?n, why do they 
mem to advance towards ffie shore t 

This is an ocular deception. When a corkscrew is 
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turned round, the thread appears to move forward; 
and the apparent onward motion of the waves of the 
sea is a similar delusion. 

Q&V What is ike cause of breakers f 

The interference of rocks or rising hanks in the sea 
with the regular form of the wave, by which the out- 
line or curve of the wave is broken. 

868 What causes ike spray of waves f 

" Tlie wimd driving the surface of the water from the 
top of the wave, and scattering the small particles in 
all directions. 
sea Whaiis ike surf f 

When the shore runs out very shallow for a great 

extent, the hredkers are distinguished by the name of 

sv/rf. 

370 Wkat do we know concerning ike magnitude and vehcUy of ocean 
waves f 

On the Atlantic, during a storm, the waves rise to a 
height of about forty-three feet above tlie hollow occu- 
pied by the ship ; the total distance between the crests 
of two large waves being 569 feet, which distance is 
passed by tne wave in about seventeen seconds of time. 

STX WUk wkat velocity is it estimated that such storm waves as the 
above described travel f 

At the rate of about thirty-two miles per hour. 

A wave is a form, and not a thing ; the form advances, but not the 
substance of the waves. 

873 Jf a cock at the extremity of a pipe be suddenly closed while water 
is running through, why is a noise and shock produced t 

'^Because the forward motion of the whole body of 
the water contained in the pipe being instantly arrestedj 
and the momentum of a liquid being as great as that 
of a solid, the water strikes tne cock with as much force 
as if it were a long bar of metal, or a rod of wood hav- 
ing the sarne weight and velocity as the water. Then, 
as a fluid presses equally in all directions, a leaden 
pipe of great length may be widened, or even burst in 
the experiment 
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8PECIFI0 GRAVirr. 



873 Why does ice float iqKmuHzterf 

Because it is lighter than water. 

8*74 Why doea iron sink in waler f 

Because it is heamer than water. 

876 If we put apiece of ice in alcohol, it wnka; ^ wepui a piece of 

iron upon gmcksUverj it floats : why is this f 

Because the iee is heavier than the alcohol, and the 
iron is lighter than the quicksilver. 

876 What do toe mean^ when we say that ice is Ughter (Iian ironf 

•^ We mean that, taking equal hvlJcs of each, the former 
weighs less than the latter; and when we say that 
quicksilver is heavier than water, we mean that, in 
equ<il v6lu7ne8^ as a pint, for instance, the quicksilver 
has a greater weight than the water. 

877 Whaiy ihtn, is specific gravity f 

It is the weight of a body compared with the weight 
of an equal hulk of water. 

378 Eow does it differ from ordinary or ohsdtute weight f 
In absolute weight no regard is paid to the volume or 
hulk of substances. In specific weight, a given bulk 
or volume is compared with an equ£ volume or bulk 
of water. 
879 What body has (he greatest specific weight? 

Pwrified platina^ which is 22 times heavier than an 
equal bulk of water. 
380 What substance has the smaUest specific weight f 

^'Hydrogen gas^ being 0*00008 lighter than an equal 
bulk of water. 
S81 Why wiU an egg float in strong brine^ and not in fresh water f 

Because the solution of a solid in any liouid increases 
its density y or its specific gravity : the addition of salt 
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to the water, renders the specific gravity of the brine 
OTeater than that of fresh water, or of the egg. 

382 How do cooks soTnetimes ascertain if Iheir brine he saU enough for 
piclding f 

They put an egg into their hnne. If the egg dnJcsj 
the brme is not strong efnxmgh / if the egg Jloats^ it is. 

883 Why wiU an egg sink^ if the brine he not strong enough for pick' 
Ungf 

Because an egg will be the heamer ; but if as much 
salt be added as the water can dissolve, an egg will be 
lighter than the strong brine, and consequently float on 
the surface. 

884 Why is it Tnore easy to swim in the sea than in a riverf 

Because the specif gramty of salt water is greater 
than that of fresh; and, therefore, it hwys up the 
swimmer better. 

886 Why do persons sink in water wTien fkey are unskilfui swimmers f 

Because they struggle to keep their head out of water. 

886 MpMn how this is f 

When our head is thrown back boldly into the water, 
our mouth is kept above the surface, and we are able 
to breathe ; but when the head is kept above the sfwr- 
face of the water, the chin and moutn sink heneaih it, 
and the swimmer is suffocated. 

This may be illustrated thus : — ^If a piece of wood be of such specific 
gravity that only Iwo squasre inches can float out of water, it is manifest; 
Siat if two other inches are raised out, the two former inches must be 
plunged in. The body (in floating) resembles this piece of wood. If 
two square inches of our /ace float out of the water, we can breathe; but 
if part of the hack and crown of the head are raised above the water, the 
lower part of the face will be depressed beneath it 

88*7 Why can quadrupeds smm more easily ihan man t 

1. Because the trunh of quadrupeds is lighter than 
water, and this is the greater part of them ; and 

2. The position of a beast (when swimming) is a na- 
tural one. 

888 WhyisitmaredifficuUfbramantosunmlhanfbraheastf 
1. Because his body is more heavy in proportion 
than that of a beast ; and 
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2. The position and muscular action of a mamj (when 
Bwimming) differ greatly from his ordinary habits ; but 
beasts swmi in their ordinary position. 

3Sd Why can fai men swim more easily ihan spare tmu t 

Because /at is lighter than water ; and the fatter a 
man is, the more huoyami will he be. 

800 Horn are fishes able to ascend U) the surface of vnUer t 

Fishes have an air-bladder near the abdomen ; when 
this bladder is £lled vyith ai/r, the fish increases in size 
and (being lighter) ascends through the water to its 
surface. 

8Q1 Hmo are fishes able to dive in a minute to {he bottom of a stream f 
They expel the air from their air-bladder ; in conse- 
quence of which their size is dimimshedy and they sink 
instantly. 

8QS Why does the body of a drowned person rise amd floai vpon the 
surface several days after deaih f 

Because, from the accumulation of gas within the 
body (caused by incipient putrefaction), the body be- 
comes specifically lighter than water, and rises and 
floats upon the surface. 

SOS Hofw are li/e-boats prevented from sinking f 

Tliey contain in their sides air-tight ceds^ or hoxes 
filled with air, which by tlieir buoyancy prevent the 
boat from sinking even when it is filled with water. 

SQ4 The slaves of the West Indies ham a plan of stealing rwmfrom a 
cask, by inserting the long lieck of a bottle, fuU of waier^ fkrou^h the bung. 
Mow are they enabled in this manner to obtain ffie rum f 

The rum is very much lighter than the water ; and 
as the hea/vy water falls out of the bottle into the cask, 
the lighter rum rises to take its place. 

895 Why does cream rise upon mUk f 

Because it is composed of particles of oUy or fatty 
matter, which are lighter than the watery particles of 
the milk. 

8Q6 Why do stale eggs float upon water f 

Because, by keeping, adr is substituted for a portion 
of the water of the egg, which escapes. 
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307 Why does not a vessel constructed of iron sink, as Ihe iron is much 
heavier than Vie water f 

Because the vessel is constructed in a conca/oe fonn, 
and is thus rendered buoyant. Every substance be- 
comes lighter in water, in proportion to the amount of 
water displaced. This is a I^w of nature: if it dis- 
places less water than its weight in air, it sinks; if 
more, it floats. The ship, being concave, displaces a 
greater weight of water tnan the weight of the iron of 
which it is composed in the air. 

A thick piece of iron, weighing half an ounce, loses in water nearly 
cme^ighth of its weight ; but if it is hammered out into a plate or vessel, 
of such a size that it occupies eight times as much space as before, it then 
loses its whole weight in water, and will float, sinking just to the brim. 
If made twice as large, it will displace one ounce of water, consequently, 
twice its own weight ; it will then sink to the middle, and can be loaded 
with half an ounce weight before sinking entirely. 

308 Why aire stones, gravel, and sand so easily moved by waves and 
eu/rrentsf 

Because the moving water has only to overcome 
about half the weight of the stone. 

3Q9 Why can a stone which, on land, requires (he strength of two men 
toUftit,he Ufled and carried in waier by one man? 

Because the water holds up the stone with a force 
equal to the weight of the volume of water it displaces. 



CHAPTER III. 

CAPILLABY ATTRACTION. 



400 Why does water meU saUf 

Because very minute particles of water insinuate 
themselves into the p(yres of the salt by capHlary at- 
traction^ and force the crystals apart from each other. 

401 Why does water mjsU sugar f 

Becauap very minute particles of water insinuate 
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themselves into the pores of the sugar by cajpiUcury 
attraction^ and force the crystals apart from each 
other. 

408 Wh(U is capillary attraction t 

The power which very minute 
tubes possess of causing liquid to 
rise in them above its level. 

" Capillary^" from the Latin word, " capil- 
laris" {Uke a hair) ; the tubes referred to are 
ahnost as fine and delicate as a hair. Water 
ascends through a lump of sugar or piece of 
sponge, by capillary attraction. 

N. B. The smaller the tube, the higher will 
the liquid be attracted by it Fig. 18 illus- 
trates the manner in which water will rise in 
tubes of different diameters. 

403 Why is vegetation on the margin of a river more luxuriant than 
in an open field? 

Because the porous earth on the bank draws vp war 
ter to the roots of the plants by capillary attraxstion. 

404: Why do persons who waier plants very often pour (he water into 
the satbceTy and not over the plants t 

Because the water in the saucer is drawn up by the 
mould (through the hole at the bottom of the flower- 
pot), and is transferred to the stem and leaves of the 
plant by capUla/ry aMfradion. 

4t05 Why is cotton best adapted for lamp-wicks t 

Because the an'angement of the fibres of the cotton- 
wick is such, that the whole forms a himdle of minute 
tuhes^ in which the oil ascends and supplies the flame 
by capillary attraction. 

40S Why does bbtting-paper absorb ink t 

The ink is drawn up between the minvle fibres of 
the paper by capillary altraction. 

407 Why win not writing or sized paper absorb ink t 

Because the sizing^ being a species of glue into 
which writing papers are dipped, ^fe up the little in- 
terstices or spaces between the fibres^ and in this way 
prevents all capillary attraction. 

408 Haui does a sponge absorb water t 
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The pores of the sponge constitute minute tubes in 
which the water rises by capillary attraction. 

4t09 Why does dry loood, immersed in watery swell f 

Because the water enters the pores of wood by capil- 
lary attraction, and forces the particles furih&r apart 
from each other. 

410 Why does sugar or sdU give a. flavor to vjoter t 
Because the sugar or salt (being separated into very 
minute j>articles) floats about the water, and mixes 
with it intimately. 

4:11 Why does hot waier dissolve sugaa- arid saU more readily (han cold 
waiert 

^ Because the heat of the water assists its solvent ao- 
tionj and opens for the water a passage through the 
particles of the substance. 



CHAPTEE IV. 

THE GENSBAL PBOPEBTIES OF AEBIFOBM OB GASEOUB 
BODIES. 

41S What is the difference between a liqvid and a gas t 

The distinction between liquids and those more elas- 
tic fluids which we term air, gas, vapor, steam, etc., 
depends principally on Jieat arid pressure. Thus, wa- 
ter, according to me addition or subtraction of heat, 
may exist as a solid, ice ; as a liquid, water ; or as a 
vapor, steam. 

413 Under whai pressure of the atjnospTiere is water converted into 
steam f 

Under the ordinary pressure of the atmosphere, wa- 
ter is converted into steam at 212 degrees, Fahrenheit's 
thermometer ; if this pressure is increased, it requires 
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a proportionably higher temperature ; if this pressure 
is diminished, the amount of heat required is propo?- 
tionably less. 

414 Eow TMwy kmda of aeriform or gaseous bodies exist in nature t 
Those which, under common circumstances of temr 
perdture amd pressure^ are always in a gaseous state, 
as common air ; and those which become gases chiefly 
at high tempera;t/wrey as steam, or vapor of water. 

4X6 Are aU gases invisibk or cohrless Uke atmospheric airt 

Some gases possess color, but the greater number 
are colorless and invisible. 

416 CfwhaiisaimoepTuric air composed 9 

Princijjally of two ^ases, oxygen and nitrogen, mixed 
together in me following proportion : viz. one volume 
of oxygen to four of nitrogen. 

It must not be forgotten that the air contains small quantities of other 
gaseous substances also, as vapor of water j carbonic add, and ammwnia. 

417 Do (he particles of which aimospTieric air and other gaseous bodies 
are composed, appea/r to have any cohesion between themselves f 

The ultimate particles of which air and other gases 
are composed appear to be destitute of cohesion ; hence 
air has a disposition not only to sink down and spread 
out laterallv, like liquids when unconfined, but also to 
expand ana rise upwards. 

418 Js the airporoust 

Yes ; in a very high degree. 

419 Row do we know (his fact? 

Because air readily yields to pressure, and a great 
bulk of it may be forced to occupy a very small space. 

4J30 Js air also impenetrable f 

Yes ; beyond a certam limit it cannot be compressed. 

4S1 Bow much Ughter is steam than ordinary air f 

Steam has but little more than half the weight of 
atmospheric air ; and hence it rises and floats in the 
air as a cork rises and floats in water. 
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CHAPTER V. 

THE ATMOSPHERE. 
48i3 WTuxt do we understand by the atmosphere f 

The thin transparent fluid which surrounds the earth 
to a considerable height above its surface, and which, 
by its peculiar constitution, supports animal life by 
respiration, and is also necessary for the due exercise 
of the vegetable functions. 

4S3 Is the aimosphere invisible t 

It is generally, but erroneously, so regarded. The 
cUmosphere is not invisible. 

4234: Row can ycfli prove that the aimosphere is not invisible f 

Because when we look upwards into the firmament on 
a clear day, the space appears of an azure or clear color. 

This color belongs not to any^thing which occupies the space in which 
the stars or other celestial objects are placed, but to the mass of air 
through which the bodies are seen. 

455 Why do distant mountains appear Uiie t 

Not because it is their color, but because it is the 
color of the air throv^h which they are seen. 

456 Has air weightf 

It has ; as well as lead, stone, or any other material 
substance. 

457 Bow can this be readily prmfed t 

By weighing a vessel filled with air, and the same 
vessel after the air has been exhausted from it. 

458 Can the existence of air be known by the sense of touch or feeling f 

It can ; since it opposes resistance when acted vpon, 
and strikes with a rorce proportionate to the speed of 
its motion. 

•4:2e Why do we always feel a breeze on the deck of a steamboat in 
TnotioUy even upon the caJmest day t 

Because our bodies forc^Vy dU^lace the air as we 
a/re carried through it. , 

4 
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430 How are waves o/ihe ocean produced? 

By the force of the air in motiorij or wind strikmg 
upon the surface of the water. 

431 Covld a bird fly in a apace devoid of air, even if it could exist 
vjiOumt respiration f 

It could not ; as the bird rises simply by the resist- 
ance of the particles of air to the beating of its wings. 

438 How do we know thai air is elasiic f 

Because a volume of compressed air, the pressure 
being removed, immediately restores itself to its origi- 
nal bulk. 

433 WTien is air said to be rarefied f 

When a given quantity of air is caused to expand 
and occupy a greater space, it is said to be rarefied. 

When a part of the air inclosed in any vessel is withdrawn, tiiat which 
remaios, expanding hy its elastic property, always fills the dimensions of 
the vessel as completely as before. If nine-tenths were withdrawn, the 
remaining one-tenth would occupy the same space that the whole did 
formerly. 

434 What is Ihe height of the aimospTiere above Vie surface of (he earth t 

It is supposed to be about 45 7niles ; the zone or shell 
of air which surrounds the earth to the heiriit of nearly 
21 miles fix)m its surface, contains oneialf of the 
atmosphere ; and the remaining half being relieved of 
this superincumbent pressure, expands into another 
zone or belt of the thicKuess of 41 or 42 miles. 

Some authorities suppose this last zone to have a much greater area. 

436 What is (he weight of air compared with that of water f 

"Water is about 840 times the weight of air, taken 
ImLhfoT hdh. 

436 Whai is the estimated weight of the whole atmosphere envdoping 
the globe f 

To the weight of a globe of lead sixty miles in dia- 
meter. 

437 As air has weight, and as ihe mass of it extends at least 45 vniks 
above the earOCs surface^ what amount ofp>'essure does it exert f 

At the level of the ocean the atmosphere exerts a 
pressure of about 15 ;pom\ds for every square inch of 
fwrfaoe. 
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438 If ihe air were condensed^ so as to occupy no more apace than the 
same weight ofwaier^ to how great an elevation above ihe earth would ii 
extend? 

To an elevation of thirty-four feet. 

43Q In what direction is ihe pressure of ihe atmosphere exerted f 
It is the nature of a fluid to transmit pressure in every 
direction equaUy ; therefore the air presses upwards^ 
downwards^ laieraUy^ and MiqueLy^ with the same 
force. 

440 E(m great a pressure is exerted hy ihe air upon the hody of a 
man or animal having a surface of 2000 square inches t 

Not less than SOyOOO poimdsj or about 16 tons, 

441 Why is not the individucd crushed beneath so enormous a hadf 
Because the atmosphere presses equally in all direo- 

tionsy and our bodies are fUed with liquids capable of 
sustaining pressure, or with air of the same density as 
the extemd air ; so that the external pressure is met 
and counteracted by the internal resistance. 

445 What would be the effect upon a man or animai if at once 
relieved of ail atmospheric pressure t 

All the blood and fluids of the body would be forced 
by expansion to the surface^ and the animal would burst. 

443 What do we mean by a vacuum? 

A space devoid of aU matter; in general, we mean 
by a vacuum, a space devoid of air. 

444 Can a perfect vacuum be produced ariificiaUy f 

No ; but confined spaces may be deprived of air 
sufficiently for all experimental or practical purposes. 

446 Are there any instances of a vacuwm. in nature f 

There is no reason for supposing that the spaces 
which exist between the various planets and other 
heavenly bodies, are occupied with any material sub- 
stance. 

446 Is {he existence of air necessary to ihe production of sound? 

It is; in a vacuum there can be no sound ; and on 
the top of high mountains, where the air is greatly 
rarefied, as on Mont Blanc, tiiQ report of a pistol can 
hardly be heard. 
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44:7 Why is itofien painfid and difficult to breathe on a mountoUn-iop t 

Because, owing to the extreme rarity of the air on 
the top of the mountaiii, a person, although expanding 
his chest as much as usual, reallj takes in only halt 
as much air as he does when at the foot of the moun- 
tain. 

44L8 If the Ups heappUedio Hha hack of (he handj and fhehreaih drawn 
in 80 as to produce a partial vacuvm in the motiih, why wiU the skin be 
drawn or sucked in t 

Not from any force resident in the lips or the mouth 
drawing the skin in, but from the fact that the usual 
extemju. pressure of air is removed, and that the pres- 
eurefrom within the skin is suffered to prevaiL 

44LB Bdw is a boy enabled to lift a stone by tneans of the common 
sucker? 

The sucker consists of a disk of moistened leather^ 
with a string by which it may be suspended with any 
weight attawied to it. If its smooth moist surface be 
pressed so closely a^inst the flat side of a, stone or 
other body that tne air cannot enter between them, the 
weight of the atmosphere pressing upon the upper sur- 
face of the leather makes it adhere so strongly, that a 
stone of weight proportioned to the extent of the disk 
of leather may be raised by lifting the string. 

450 E(ym are flies and other smaU insects enabled to walk on ceHinga 
and surfaces presented downwards^ or upon smooth panes of glass in an 
upright position f 

Their feet are formed in such a manner that they 
act as small air-^umps or suckers^ excluding the air 
between them and the surface with which they are in 
contact ; and the atmospheric pressure keeps the animal 
in position. 

4:61 Why in breathing do we first dj-aw in the breathy as it is termed f 

Because by so doing we make an enlarged spa^ce in 
the chesty and the pressure of the extemcA atmosphere 
forces the air in to fill it. 

The air enters the lungs, not because they draw it in, but by the weight 
of the atmosphere forcing it into an empty space. 

4623 How is the air caused to escape from the lungs t 

Simply by means of its elasticity ; the lungs by 



BCIENCE OF COMMON THINGS. 73 

Why a Jug gurgles. Air in water. 

muscular action compress the air contained in them, 
and give to it by compression a greater elasticity than 
the air without; By the excess of the elasticity it is 
propelled, and escapes by the mouth and nose. 

453 Why does a hotUe or jug gurgle when liquid is freely poured 
from lit 

On account of the pressure of the atmosphere forcing 
air into the interior of the bottle. In the first instance, 
the neck of the bottle is filled with liquid, so as to stop 
the admission of air. When a part has flowed out, and 
an empty space is formed within the bottle, the atmo- 
spheric pressure forces in a bubble of air through the 
liquid in the neck, which, by rushing suddenly into the 
interior of the bottle, produces the sound. 

454: How long wiU a bottle continue to gurgle t 

So long as the neck continues to he choJced with liquid. 
But as the contents of the bottle are discharged, the 
liquid, in flowing out, only partially fills the neck ; and, 
while a stream passes out through the lower half of the 
neck, a stream of air passes in through the upper part. 
The flow being now continued and uninterrupted, no 
sound takes place. 

455 Does air exist in water f 

"Water, and most liquids exposed to the air, absorb a 
greater or less qucmtity^ which is maintained in them by 
the pressure of the atmosphere acting on the surface. 

456 Why is boiled wcUerflat and insipid f 

Because the agency of the heat expels the ai/r which 
the water previously contained. 

457 Could fishes and other marine animals live in water deprived of 
airt 

They could noty as they breathe the air contained in 
the water. 

458 Why do ale^ porter^ and dder froth, and champagne sparkle^ when 
uncorked and poured into an open vessel f 

When these liquors are bottled, the air confined 
under tile cork is condensed, and exerts upon the sur- 
face a j/ressure greater than that of the atmosphere. 
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This has the effect of holding, in combination with the 
liquor, air or gas which, under the atmospheric pressure 
only, would escape. If any air or gas rise from the 
liquor after being bottled, it causes a still greater con- 
densation, and an increased pressure above its surface. 
When the cork is drawn from a bottle containing liquor 
of this kind, the air fixed in the liquid, being released 
from the pressure of the air which was condensed under 
t^ie cork, instantly makes its escape, and, rising in 
bubbles, produces effervescence and froth. 

46B Why do boUXes amtaining cUe, cider^ porter^ <fcc, frequeTi&y 
burst f 

It is the nature of these liquids to produce gm or air 
In considerable quantities, the elastic force of which 
sometimes becomes greater than the cohesive strength 
of the particles of matter composing the botfle, which 
then necessarily gives way, or bursts. 

460 Why does one kind of liquor frothy and another kind oniy sparkle f 

Those liauors only which are viscid^ ghdinouSj or 

thick^ frothy because they retain the little bubbles of 

air as they rise ; while a thin liquor, like champagne, 

Buffers the bubbles to escape readily. 



CHAPTEE VI. 



ATMOSPHEKICAL PHENOMENA. 



4L63. What designation do we give to tliat departmeni of science iohich 
treats of the various phenoTuena of the oJtinosphere f 

Meteorology. 

462 Bow is the air heated t 

In two ways ; either by the rays of the sun passing 
through it, or by the heat communicated to it by the 
earth. 



ti 
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463 In wJuxt manner is Hhe air headed by the earth f 

The sun heats the earthy and the ea/rth heats the (dr 
resting upon it ; the air thus heated rises^ and is suo 
ceeded by other ai/r^ which is heated in a similar way, 
till the wnole volume is wcmned. 

4:64 How is ihe air made cold? 

The air resting on the earth is made cold by contact / 
this cold air makes the air above it cold ; and cold cur- 
rents (or winds) cause the whole to mix together, m^ 
all becomes of one temperature. 

465 WTuxi effect is produced upon air hy cold t 

It is condensed or compacted into a smaller compass ; 
in consequence of which it becomes heamer, and de- 
scends towards the ground. 

466 Prove that (he air is condensed by cold. 

Lay a bladder half full of air before a fire, till it has 
become inflated : if it be now removed from the fire, 
the bladder will coUamse again, because the air con- 
denses into its former bulk. 

467 Whai effects has heat upon air f 

Heat rarefies or makes it lighter ; that is, a quantity 
of air heated will occupy more space than the same 
quantity which has been cooled. 

468 Whaiisvmd^ 

"Wind is air put in motion, 

469 What occasions those movements of the air which we caU wind? 

The principal cause is the variation of temperature 
produced by the alternation of day and night and the 
succession of the seasons. 

470 Sow can winds originate through variations qfiemperaiwef ^ 

When through the agency of the sun a particular 
portion of the earth's surface is heated to a greater 
degree than the remainder, the air resting upon it 
becomes rarefied and ascencls, while a current of cold 
air rushes in to supply the vacancy. Two currents, the 
one of warm air nowmg out, and the other of cold air 
flowing in, are thus continually produced ; and to these 
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movements of the atmosphere we apply the designatioa 
oiwind, 

. 471 Does ihe wind akoays blow f 

Yes ; there is always some motion in the air ; but the 
molence of the motion is perpetually varying. 

47J3 Ihes the rotation of {he earth upon its axis affect the motion of 
fhe airl 

Yes, in two ways : 1. As the earth moves round ite 
axis, the thin movable air is left somewhat behind^ and 
therefore seems (to a stationary object) to be blowing 
in the opposite direction to the earth's motion ; and 
. 2. As the earth revolves, different portions of its sur- 
face are continually passing under the vertical rays of 
the sun. 

473 When a/re the rays of the sun called vertical rays f ^ 

^ "When the sun is in a direct line above any place, hia 
rays are said to be " vertical " to that place. 

474 When the stm is vertical^ or Tiearly over head at any place, whctt 
time of day is it at thai place t 

Noon. 

t 476 JBbw does a change in the heat of air produce wind f 
f The air alwaj^s seeks to Reserve an equiUbrium / so 
cold air rushes into the void made by the tipward cicr- 
rent of warm air. 

475 Why does not the wind always blow one way, foUomng the direo 
lion of the sun f 

Because the direction of the wind is subject to per- 
petual interruption from hills and valleys^ deserts^ 
seas, &c. 

477 H(yu) can hiSs or mountains affect or change the direction and course 
ofthewindf 

If a current of air, blowing from a particular direc- 
tion, strike against the side of a mountain, it will neces- 
sarily be deflected from a straight line^ and must either 
ascend the mountain, tn/rn ha/ik^ or assume a lateral 
direction. 

478 Why aare those winds which llaw over targe continents or trada 
of land generaily dry t 
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Because in their passage they absorb very litUe watery 
as they do not blow over large oceans. 

479 Why do our hands and lips chap in frosty amd windy weather t 

Because the wind or frost absorbs the numtv/re from 
the surface of the skin ; and thia action of wmd or 
frost produces a hmd of inflamfmiaMon on, the shm. 

480 Wovid ihe wind blow regtdarly from east to west ifaU obsirudiona 
were removed f 

Without doubt. If the whole earth were covered 
with water, the winds would always follow the sun, 
and blow uniformly in one direction. 

481 Do winds ever blow regtdarly f 

Yes, in those parts of the world which present a 
large surface of water, as in the Atlantic and Pacific 
Oceans. 

48S With what velocity do winds move f 

Every graduation exists in the speed of winds, from 
the mildest zephyr to the most violent hurricane. 

483 Wiih whai velocity does a wind which is hardly perceptible move f 

With a velocity of about one mile per hour, and 
with a perpendicular force on one square foot of '005 
lbs. avoirdupois. 

484 In a genUe mndj what is ihe velocity and estimated pressure t 

Yrom four tofve miles per hour, and a force of '079 
to 123 Ibs.-*^ 

485 In a very brisk wind, what is the velocity and pressure t 

From twenty to twenty fwe miles per hour ; force 1*9 
to 3-07 lbs. 

486 Whai is (he velocity and pressure of the wind in a storm t 

From fifty to sixty miles per hour, with a pressure 
of 7 to 12 lbs. 

487 In a hurricane, what is the estimated velocity and pressure t 

From eighty to one hundred miles per hour, with a 
varying force of 31 to 60 lbs. 

* In these estimates the pressure is computed per square foot in 
pounds avoirdupois. 
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488 Why do we sometimes see clouds at one elevation moving in one 
direction^ and at another elevation^ at (he sam^e tim^ others moving in a 
cordrary direction f 

Because diferent cv/rrenU of cdr exist at different 
elevations, moving in different directions, with different 
velocities. 

In 1839, an English aeronaut, at the height of 14,000 feet, encountered 
a current that bore him along at the rate of five miles per hour ; but^ 
upon descending to the altitude of 12,000 feet, he met with a contrary 
wind, blowing with a velocity of eighty miles per hour. 

4:8Q How is the force of the wind ascertained? 

By observing the amount of pressure that it exerts 
npon a given plane surface perpendiciclar to its oion 
direction. 

If the pressure plate acts freely upon spiral springs, the power of the 
wind is denoted by the extent of their compression, and that weight will 
be a measure of their force, the same as in weighing by the ordinary 
spring-balance. 

400 What is an instrument for measuring iJte force of the wind called t 

An Anemometer. 

491 Whai are the constant winds which blow over the Atlantic and 
Pacific Oceans called f 

They are called " trade-winds.'^^ 

4BS Why are they called trade-winds f 

Because they are very convenient to navigator^ who 
have to cross the ocean, inasmuch^ as tliey always blow 
in one direction. 

493 In what direction do Hie trade-winds blow t 

That in the nortliem hemisphere blows from the 
north-east; that in the southern hemisphere from the 
south-east. 

494 JDo trade-winds blow from the north-east and south-east all the 
year round f 

Yes, in the open sea; that is in the Atlantic and 
Pacific oceans, for about 25° each side of the equator. 

495 Where do the trade-winds blow with uniform force and constancy t 

In many parts of the Pacific embraced within the 
region of the trade-winds, a vessel may sail for a week 
without entering the portion of a sail or rope. 
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4:93 Why does a sea breeze fed cooit , 

Because the Bun cannot make the surface of the eea 
BO hot as the land; therefore the air which blows firom 
the sea is cooler than the air of tlie lamd. 

497 Why is there generalLy a fresh hreete firom Ike sea dmrind 1h$ 
summer and autumn mornings f 

Because land is more heated hy the sim than the sea 
is ; and the land air becomes hotter than that over the 
sea; in consequence of which the cooler sea air glides 
inland to restore the equilibrium. 

4:98 Why are the west vfinds in the Atlantic States generaOy dryt 

Because they come over large tracts of land^ and 
therefore absorb very little water; and beinff thiisty', 
they readily imbibe moisture from the air ana clouiu, 
ana therefore bring dry weather. 

499 Why is the north wind generally cold t 

Because it comes from the polar regions^ over moun- 
tains of snow and seas of ice. 

600 Why are north winds generally dry f 

Because they come from colder regions, and being 
warmed by the heat of our climate, absorb mmsturc 
from everything they touch ; in consequence of which 
they are generdly dry. 

601 Why are south winds generally warm t 

Because they come over countries warmer than our 

own, where they are much heated. 
60d Why are winds which Uow over a vast body of waier generally rainy f 
Because they come laden with vapor: if, therefore, 

they meet with the least chilly some oi the vapor is 

deposited as rain. 

603 Why is there often an evening breeze during the summer months f 

Because the earth radiates heat at sunset^ and the 
air is rapidly cooled down by contact; this conden- 
sation causes a motion in the air^ called the evening 
breeze. 

e04i Why do south winds often bring rain f 

Because, coming from the torrid zone, they are much 
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hea/ted^ and absorb water very plentifvUy as they pass 
over the ocean. 

cos How does this account for (he rainy eJiaracter ofsouffi winds t 

As Boon as they reach a cold climate they are con- 
densedy and can no longer hold all their vapor in sus- 
pension; in consequence of which some of it is deposited 
as rain. 

606 Why are dry winds in the spring months desirdble and advan- 
ic^eousjbr agricuUurcU operations t 

They dry the soil saturated with the moisture of 
winter, hrea^ vp the heavy clods^ and fit the land for 
the seed committed to it. 

e07 Why is a fine dear day sometimes overcast in a few minutes t 

Because some sudden change of terrvperature has 
condensed the vapor of the air into clovds. 

608 Why are clouds sometimes dissipated very sudderdy f 
Because some dry wind (blowing over the clouds) 

imbibes their moisturey and carries it off in invisible 
vapor. 

609 Why does wind sometimes bring rain^ and sometimes fine weather t 
If the wind be colder than the clouds^ it will condense 

their vapor into rain / but if the wind is wanner than 
the cUyudSj it will dissolve them and cause them to dis- 
appear. 

610 Whatisahwrricanef 

The hurricane is a remarJcahle storm wind^ peculiar 
to certain portions of the world. It rarely takes its 
rise beyond the tropics, and it is the only storm to 
dread within the region of the trade-winds. 

611 How are hurricanes especiaMy distinguished from other kinds of 
tempests t 

By their extent, irresistible power, and the sitdden 
changes, that occur in the direction of the wind. 

61S Ih any particular portions of the tropics appear to be especially 
visited wilh hurricanes t 

In the northern hemisphere, the hurricane most fre- 
quently occurs in the regions of the West Indies ; in 
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the southern hemisphere, it occurs in the neighborhood 
of the Mauriimis, 

ei3 Do (he hurricanes occur ai particvkvr seasons f 

The West Indian occur from Augvst to October ; the 
Mauritian from Februa/ry to April. 

614 WTiat "have recent investigations shown the hurricanes to bet 

Extenswe storms of wmd^ which revolve round an 
aads either upright or inclined to the horizon ; while 
at the same time the body of the storm has a progre^- 
8we motion over the surface of the ocean. 

616 Illustrate more dearly (he manner in which a hurricane moves f 

It is the nature of a hurricane to travel roimd and 
rouml as well as forwardj much as a corkscrew tra- 
vels through a cork, only the circles are all^^, and de- 
scribed by a rotatory wind upon the surface of the water. 

616 In what directum loould a ship revolving in the circles of a hurri- 
cane find the windt 

As the ship revolved, she would in turn find the 
wind blowing from every point of the compass. 

617 What is known concerning the distance travelled by hurricanes f 
The distance traversed by these terrible tempests is 

immense. The great gale of August, 1830, which oc- 
curred at St. Thomas on the 12th, reached the Banks 
of Newfoundland on the 19th, having travelled more 
than three thousand nautical myites in seven days / the 
track of the Cuba hurricane of 1844 was but little infe- 
rior in length. 

618 What is Jcnoum of their progressive and rotary velocity f 
Their progressive velocity is from seventeen to forty 

miles per hour ^ but distinct from \hQ progressive velo- 
city is the rotary, which increases from the exterior 
boundary to the centre of the storm, near which point 
the force of the tempest is greatest, the wind sometimes 
blowing at the rate of one hundred miles per hour. 

61© Eow great is the breadth of the hurrictme f 

The surface simultaneously swept by these tremen- 
dous whirlwinds is a vast circle varying from one hwnr 
dred tojvoe himdred miles in diameter. 
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6i30 HwD greai is the surface aver which they prevail t 

Mr. Redfield, of New York, has estimated the great 
Cuba hurricane of 1844 to have been not less than 
eiaht hundred miks in breadth, and the area over 
which it prevailed during its whole length was com- 
puted to be two miUionfour hundred thcmaand square 
miles — an extent of surface equal to two-thirds of that 
of all Europe. 

621 VThai curious fad have maari'Mrs noticed when in ft« cenire cr 
vertex of the hurricane t 

An awful calm prevails, described as the luU of the 
tempest, in which it seems to have rested only to 
gather strength for greater efforts. 

6J3J3 In what respect does a tornado differ from a hurricane t 

Tornadoes may be regarded as hurricanes, differing 
chiefly in respect to their contimtance and extent. 

6S3 Bow long do they usuaUy last f 

'Fromjifteen to seventy seconds. 

624 What is their extent? 

Their breadth varies from Sifew rods to several huTv- 
dred yards, and the length ot their course rarely ex- 
ceeds twenty miles. 

626 Whai pTienomena generaUy attend them f 

The tornado is genersHj preceded hy a calm and 
sultry state of the atmosphere^ when suddenly the 
whirlwind appears, jpr^^^a^i/i^ everything before it. 
Tornadoes are usually accompanied with thunder and 
lightning, and sometimes showers of hail. 
'6Se Whai is supposed to he the origin of tornadoes f 

{They are supposed to be generally produced by the 
iMeral action of an opposing wind, or the influence of 
a brisk gale upon a portion of the atmosphere in repose. 

623'? How are the eddies or whirlpools produced which occur in wcUer^ 
and which in their formation resemble some tornadoes f 

Eddies or whirlpools are most frequently formed in 
water when two streams flowing unequally meet. They 
may be seen at the junction of two broofe or rivers. 
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628 Hov) are the whirlwinds which we frequenUy seeaiihe comers of 
streets in cities prodticed f 

They are caused by a gust of wind sweeping round 
a comer of a building, and striking the calm air be- 
yond it 

6J39 Whatis a waterspout f 

A waterspout is a whirlwind over the surface of 
water^ and diflfers from a whirlwind on land in the fact 
that water is subjected to the action of the wind, instead 
of objects on the surface of the earth. 

630 Why does wind general^ feel cold f 

Because a consta/ntly-changing swrface comes in con- 
tact with our body to draw off its heat. 

631 Whai are the effects ofmnd noticed in the Arctic regions f 
Arctic explorers inform us that in those regions, when 

the thermometer ranges from 40"" to 60** below zero, 
the cold of the external air is easily endurable^ provided 
the air is calm and the individucd exercises fredy ; but 
if a wind arises at this temperature, the severity of the 
cold becomes too greaf, for human endurance. 

632 If the winds shotUd cease to blow over (he ocean, whai would he {he 
effed f 

The water would undoubtedly become stamant. 
Tempests and hurricanes also exercise a beneficial effect 
by agitating and purifying the atmosphere, and sweep- 
ing from it the seeds of pestilence and contagion. 

633 What are doudsf 

Moisture eva^oraied from the earthy and again par- 
tially condensed in the upper regions of the air. 

634 What is the difference between a fog and a cloud f 

Clouds and fogs differ only in one respect. Clovds 
are defeated above our heads^ but fogs come m contact 
with the surface of the earth. 

636 Why are cUmds higher on a fine day f 

Because they are lighter and m,ore huoyant 

636 Why are clouds lighter on a fine day f 

1. Because the vapor of the clouds is less condensed; 
and 
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2. The mr itadf (on a fine day) retains much of ita 
vapor in an i/jwisihle form. 

C37 Why do chuds float so readily in the air t 

Because they are composed of very mirmte alobvles 
(called vesicles), which (being lighter than air) float 
like soap^bubhles. 

638 Are aM clouds alikef 

No ; they vary greatly in density^ hdgM^ and color. 

63B What is Uie chief cause of fog and clouds t 

During the daily process of evaporation from the 
surface of the earth, warm, humid currents of air are 
continuallv ascending ^ the higher they ascend, the 
colder is the atmosphere into which they enter ; and, as 
they continue to rise, a point will at length be attained 
where, in union with the colder air, their original 
humidity can no longer be retained : a cloud will then 
appear, which increases in bulk with the upward pro- 
gress of the current into colder regions. 

640 Eow do changes in the wind produce clouds t 

If a cold current of wind blows suddenlv over any 
region, it condenses the invisible vapor of the air into 
chud or rainj but if a warm current of wind blows 

-over any region, it disperses the clouds by absorbing 

^^ thei/r vapor. 

641 What distance are the clouds from ffie earth f 

Some thin^ light douds are elevated above the high- 
est mountain-top ; some heavy ones touch the steeples, 
trees, and even the earth ; but the average height is 
between one and two miles. 

Streaky, curling clouds, like hair, are often five or six miles high. 

642 WhaX is the size of the clouds f 

Some clouds are many square miles in surface^ and 
above a mile in thickness / while others are only 2>,f^ay 
yards or inches. 

643 How can persoTis ascertain the thickness of a cloud f 

As the tops of high mountains are generally above 
the clouds, travellers may pass quite through them into 
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a clear bine firmament, when the clouds will be seen 
beneath their feet 

644 Why do clouds^ when not continuous over ihe whole su/rface of (ha 
sky J appear jagged, roug?ij and uneven f 

The rays of the sun^ falling upon different surfaces at 
different angles, melt anjoay one set of elevations, and 
cfreate another set of depressions ; the heat also which is 
liberated from below in the process of condensation, 
the currents of warm air escaping from the earth, and 
of cold air descending from above, all tend to keep the 
clouds in a state of agitation, upheaval, and depression. 
Tinder their various influences the masses of vapor 
composing the clouds are caused to assume all manner 
of grotesque and fanciful shapes. 

645 Whxji effect have winds on the shape of douds t 

They sometimes absorb them entirely ; sometimes 
increase their vohime and density ; and sometimes 
change the position of their parts, 

643 Bow can winds absorb clouds aMogether t 

Warm J dry winds will convert the substance of clouds 
into invisible vapor^ which th^y will carry away in 
their own current. 

647 How can winds increase (he Udk and density of clouds f 

Cold currents of wind will condense the in/visible 
vapor of the air, and add it to the douds with which 
they come in contact. 

648 Why is not Hie color ofcUmds always aMke f 

Because their sise^ density^ and situation in regard to 
the sun are perpetually varj^ing, so that som^imes one 
color is reflected and sometimes another. 

649 Why do the clouds after sunset about the western horizon often 
exhibit a beautiful crimson appearance f 

Because the red rays, of which the sun's light is in 
part composed, are less refrangible than any of tlie 
other colors. In consequence of this, they are not bent 
out of their course so much as the blue and yellow rays, 
and are the last to disappear. 

^or the saine reason they are the first to appea/r m 
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Befrangibility of light Bed olondB at sunrise and sunset 

tJie morning when the sun risesj and invpart to the 
Tnoming clouds red or crimson colors. 




7i«.19. 

Let us suppose, as in. fig. 19, a ray of light, proceeding from the sun, S, 
to enter the earth's atmosphere at the point P. The red rays, which 
compose in part the solar beam, being the least refrangible, or the least 
deviated from their course, will reach the eye of a spectator at the point 
A ; while the yellow and blue rays, being refracted to a greater degree, 
will reach the surface of the earth at the intermediate points B and 0. 
They will, consequently, be quite invisible fit)m the pomt A. 

660 What is meant hy being " less refrangiblef^ 

Being less able to he hent Blue and yellow rays are 
more easily bent helow the horizon through the action 
of the atmosphere, but red rays are not so much hent 
down^ and therefore we see them later in the evening. 

6S1 Whit is the cause of a red sunset t 

The vapor of the air not being actually conde^ised 
into cLovds^ but only on ihi^ point ofheing condensed. 

In the same manner, if light be transmitted through steam mingled 
with air, and therefore on the verge of condensation, it assumes a deep 
orange or red color. 

658 Why is a red and lowering sky at sunrise an indication of a wet 
dayf 

Tlie red and lowering appearance of the morning sky, 
which indicates foul weather, probably depends upon 
such an excess of vapor being present in the whole 
atmosphere that clouds are actually /arming in the 
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higher regions^ or upon the point of condensation, which 

the rising snn cannot disperse. 

Hence our Lord's observation — " In the morning ye say, It will be foul 
weather to-day, for the sky is red and lowering." (Matt xvL 3.) 

663 Which is the most transparenty dry or moist air t 

Air moderately moist is more transparent than very 
dry air. 

664: Wh^ is the cause of the haziness of ike atmosphere during that 
portion of the autumn known as ike ^^ Indian Summer f " 

It is nndonbtedly due to several causes ; partially to 
an excessive dryness of the atmosphere, and, in some 
degree, to the prevalence of smoke in the air arising 
from burning forests. But it is also a fact, ascertained 
within a few years, that the constitution of the atmo- 
sphere is changed in the autumn, and that solar light 
at that season has less chemical influence than at any 
other portion of the year. 

666 Why does ike sun seen through a fog appear redf 

Because the red rays of light have a greater power to 
pass through a thick, dense atmosphere than any of the 
other colored rays. 

666 Why does vapor sometimes form into cUmdSj and sometiTnes rest 
upon the earth as mist or fog f 

This depends on the temperature of the air. When 
the surface of the earth is warmer than the lower air^ 
the vapor oi the earth (being condensed by the chill 
air) becomes mist or fog. But when the Imjoer air is 
warmer tham, the eoHh, the vapor rises through the air, 
and becomes cloud. 

667 Why do clouds often hover around mmmiain peaks^ when the 
afynospfiere elsewhere is dear and free from clouds t 

It is caused by the wind impelling up the sides of 
the mountains the warm humid air of the vaUeys, 
which in its ascent gradually becomes condensed by 
the cold, and its excess of moisture becomes visible, 
and appears as a cloud. 

668 Why are windows at night often covered wUh {kick misi^ and the 
frames wet with standing water f 

Because the temperature of the external air always 
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falla at sunset, and chilU the wincUyvo-glasa with which 
it comes in contact. 

660 How does ihie account for ike mist and water on a window t 

As the warm vapor of the room tov^kes the cold 
glass it is chilled and condensed into mist^ and the mist 
(collecting into drops) roUs down the window-frame in 
little dteeams of water. 

6SO Does the glass of a window cool doion more rapidly than the air 
of the room itself f 

Yes ; because the air is kept warm h/ Jlres and by 
the animal heat of the people in the room ; in conse- 
quence of which the air of a room suffers very little 
diminution of heat from the setting of the sun. 

661 Whence arises the vapor of a room f 

The air of the room always contains vapor ; vapor 
also arises from the breath and insensible perspiration of 
the inmates, from cooking and the evaporation of water. 

66i3 Wh^U is meant hy " the insensible perspiration f^ 

From every part of the human body an insensible 
and invisible perspiration issues all niglit and day, not 
only in the hot weather of summer, but also in the 
coldest days of winter. 

663 Jf the perspiration be both insensible and invisible, how is it known 
that there is any such perspiration t 

If you put your naked arm into a clean^ dry glass 
tvbe^ the perspiration will condense on the glass like 
mist. 

664 Why is a twmhler of cold water Tnade quite duU with mist, when 
brought into a warm room t 

Because the hot vapor of the room is condensed upon 

the cold tumbler, with which it comes in contact, and 

changes its invisible and gaseous form into that of dew. 

666 Why does breathing on a glass make it quite duUf 

Because the hot breath is condensed by the cold 
glass, and therefore covers it with dew. 

666 Why are (he woEs of a house covered with damp in a sudden 
thawf 

Because the walls (being thick) cannot change their 
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temjperat/ure as fast as the air ; in consequence of which 
they retam their cold after the thaw has set in. 

667 How does "retaining their coW^ cuxountfor their being so wetf 

As the vapor of the warm air touches the cold walls, 
it is chiUed and condensed into water, which either 
sticks to the walls or trickles down in little streams. 

668 Why is our breath visible in winter, and not in summer f 

Because the intense cold condenses our breath into 
visible va^por, but in summer the air is not cold enough 
to do so. 

660 Why are our hair and the brim of our hat often covered with lit- 
tle drops of pearly dew in winter-time f 

Because our breath is condensed as soon as it comes 
in contact with our cold hair or hat, and hangs there 
in little dew-drops. 

670 What are fogs f 

Fogs are visible vapors that float in the atmosphere 
near the surface of the earth. 

671 What is the cause of fogs t 

They originate in tlie same causes as rain — the union 
of a cool body of air with one that is warai and humid ; 
when the precipitation of moisture is slight, fogs are 
produced ; when it is copious, rains are the result. 

67Q What distinction is to be made between a mist and a fog f 

Mist is generally considered to be ^Jine rain, while 
fog is vapor not sufficiently condensed to allow of its 
precipitation in drops. 

Tlie tenn mist is also generally applied to vapors condensed on marshes, 
rivers, and lakes, while the name fog is often applied to vapors condensed 
on land, especially if those vapors are laden with smoke. 

673 Why does not the fog become dew f 

Because the chill of the air is so rapid that vapor is 
condensed /iw^^^' than it can be deposited, and covering 
the earth m a fog) prevents any further radiation oj 
heat from the eaii:n. 

674 Whefa the earth can no longer radiate h>eat upwards, does it c&nr 
tinue to condense the vapor of the air f 

No; the air (in contact with the earth) becomes 
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about equal in temperature with tlie surface of the 

earth itself; for which reason the fog is not condensed 

into deWj but remains fioatirk^ above the earth as a 

thick cloud. 

67S This fog seems to rise higher and higher^ and yet remains quite as 
dense below as ai first : explain the cause of this t 

The air resting on the earth is first chilled, and ehiUs 
the air resting on it / the air which touches this new 
layer of fog being also condensed, layer is added to 
layer ; and thus the fog seems to be rising^ when (in 
fact) it is only deepening. 

67S Why are iher» not fogs every night t 

Because the air will always hold in solution a cer- 
tain quantity of vapor (which varies according to its 
temperature); and, when the air is not saturated, it 
may be cooled without parting with its vapor. 

677 When do fogs occur ai night f 

When the air is sg-turated with vapor during the 
day. "When this is tlae case, it deposits some of its 
superabundant moisture in the form of dew or fog as 
soon as its capacity for holding vapor is lessenea by 
the cold night 

678 Why is there very often a fog over marshes and rivers at night- 
iimef 

Because the air of marshes is almost always near 
saturation; and therefore the least depression of tern- 
jperatv/re will compel it to relinquish some of its moist- 
ure in the form of dew or fog. 

670 Why does vapor sometimes form into clozids, and sometimes rest 
vpon the earth as mist or fog f 

Tliis depends on the temperature of the air. When 
the surfojce of the ea/rth is warmer than the air^ the 
vapor of the earth (being condensed by the chill air) 
becomes mist or fog. But, when the air is warmer 
than the earthy the vapor rises through tJie air, and be- 
comes cloud. 

680 If cold air produces fog^ why is it not foggy on a frosty morning f 

1. Because less vapor is formed on sl frosty day ; 
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and 2. The vapor is frozen upon the ground before it 
can rise from the earth, and becomes hoar-frost 

681 Whatiirainf 

Eain is the vapor of the clouds or air condensed and 
precipitated to the earth. 

68d Jn what manner is (he vapor of (he air condensed so as to form 
rainf 

When two or more volumes of humid air differing 
considerably in temperature uniUy the several portions 
in union are incapable of absorbing the same amount 
of moisture that each could retam if they had not 
united. The excess of moisture, if very great, is pre- 
cipitated as rain ; if in slight amount, it appears as 
clouds, fogs, or mists. 

683 Upon what law does (his condensation of vapor and formation of 
rain depend f 

Upon the law that the capdcity of the air for moisit- 
ure decreases in a greater ratio than the temperature. 

684 Why does rainfoiU in drops f 

Because the vapory particles in their descent attract 
each other ; and fliose which are sufficiently near unite 
and form into drops. 

The size of the rain-drop is increased according to the rapidity with 
which the vapors are condensed. 

^86 Why does not the cold of night always cause rain f 

Because the air is not always near saturation ; and 
unless this be the case, it will be able to hold its vapor 
in solution, even after it is condensed by the chilly 
night. 

686 Why does a passing cloud often drop rain f 

Because the cloud (travelling about on the wind) 
comes into contact with something that chills it; 
and its vapor being condensed, faUs to the earth as 
rain. 

687 Can (he air absorb moisture at aU temperatwres^ and retain it in 
an invisible state f 

It can; and this power of the air is termed its 
capacity of absorption. 
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688 How muck moisiure can a volume of air atB2° F. absorb f 

An amount equal to the kundred cmd sixtieth jxxH 
of its ovm weigJU. 

68B Eow does ike capacity of air for moisture vncrease wilh ike tern- 
perature f 

For every 27 additional degrees of heat, the quantity 
of moisture it can absorb at 32'' is doubled. Thus a 
body of air at 32° F. absorbs the 160thpart of its own 
weight; at 59° F. the 80th; at 86° F. the 40th; at 
113 F. the 20th part of its own moisture. It follows 
from this that, whUe the temperature advances in an 
arithmetical series, the capacity is accelerated in geo- 
metrical series. 

6BO In wkai situations is ike air akoays saturated f 
Over the ocean and upon the adjacent coasts. 

6B1 WJiere is the absolute kumidity of (he aimosphere the greatest f 
In the tropics^ where the temperature of the air, and 
its consequent capacity for moisture, is the greatest. 

60S What is snow f 

The condensed vapor of the air frozen and precipi- 
tated to the earth. 

6Q3 Wkai is the cause of snow t 

When the air is nearly saturated with vapor, and 
is acted on by a current oi air below the freezing poird^ 
some of the vapor is condensed, and frozen into snow. 

A few years ago, some fishermen (who wintered at Nova ZeniblaX 
after they had been shut up in a hut for several days, opened the wifidoWj 
and the cold external air rushing in, instantly condensed the air of the 
hut, and its vapor fell on the floor in a shower of snow. 

6Q4 What is the cause of sleet f 

When flakes of snow (in their descent) pass through 
a bed of air above the freezing point, they partially 
melt, and fall to the earth as half-melted snow, or' 
sleet. 

SG6 Ebw does snow prove beneficial to the earth in the cold season f 

It keeps the surface of the earth warm, protects vege- 
tation to a considerable extent fix^m the <Jold, and acts 
as ^fefrtiliser. 
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596 Does snow keep the earth warm f 

Yes, because it is a very had conductor ; in conse- 
quence of which, when the earth is covered with snow, 
its temperature very rarely descends helow the freezing 
jpoint^ even when the air is fifteen or twenty degrees 
colder. 

697 "Why is snow a had conductor of heat and cold f 

Because air is jconfined among the crystals, and air 
is a very bad conductor ; when, therefore, the earth is 
covered with snow, it cannot throw off its heat by 
radiation. 

698 Why is there no snow in surrnner-time f 

Because the heat of the air adjacent to the earth 
melts it in its descent, and prevents it from reaching 
the surface of the earth. 

699 Why is snow white f 

Because it is formed of an infinite number of very 
minute crystals and prisms, which reflect all the colors 
of the rays of light from different points, and these 
colors, uniting before they meet the eye, cause snow to 
appear white. 

The same answer applies to salt, loaf-sugar, etc 

eOO Under what circumstances does snowfaU in large flakes^ and when 
in smaU f 

The largest flakes are formed when the air abounds, 
with vapor ^ and the temperature is about 32° F. ; but 
as the moisture diminishes, and the cold increases, the 
snow becomes flner. 

601 Whjoi is the snow flake composed off 

Regular and symmetHcal crystals^ having a great , 
diversity of forms. 

eOS Do we see the sam/e crystaHs in ice t 

They exist in ice, but are so blended together that 
their mfrnMei/ry is lost in the compact mass. 

603 How much mx/re hvUky is snow than water f 

The bulk of recently-fallen snow is ten or twelve times 
greater than that of t£e water obtained by melting it. | 

6 
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Bed and green snow. What ia hail ? Meteorites. 

604: Does snow ever occur of any other appearance than white? 

Yes ; in the Arctic regions and on some mountains 
it is red^ and occasionally green, 

606 What is the cause of these appearances f 

These singular hues are occasioned by little rriicT(h 
scopic plants^ which germinate and live in the snow. 
They consist of little globules from TpVy ^^ ^^ inch to 
^^^ of an inch. Each globule is divided into seven 
or eight cells fiUed with a liquid, which gives a color 
to the snow, and is sometimes green and sometimes red. 

©Oe What is Mil f 

Eain, which has passed in its descent through some 
cold hed of air^ and has been frozen into drops of ice. 

607 What makes one hed of air colder than another t 

It is frequently caused by electricity unequaUy dis- 
tributed in the air. 

©OS How can dedricity make air cold f 

Air, when electHJied^ is expanded^ and eaypansion 
produces cold. 

©OO Why does hailfaU generally in summer and autumn t 

Because the air is more highly dectrijled in summer 
and autunm than in winter and spring ; and the vapors 
in summer and autumn (being rarefied) ascend to more 
elevated regions, which are colder than those nearer 
the earth. 

©lO Is (he occurrence and formation of hail dearly understood? 

It is not ; much information exists upon the subject, 
but no theory has yet been formed which satisfactorily 
ctocounts for all the facts which have been observed. 

©11 Wh/it are meteorites f 

Meteorites are solidy luminous todies^ which from 
time to time visit the earth, moving with immense 
velocity, and remaining visible but for a few moments. 
They are generally accompanied by a luminous train, 
and during their progress explosions are often heard. 

©IS What is an aerolite f 

The term aerolite is given to those stony masses of 
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matter which arc sometimes seen to fall from the 
atmosphere. 

It is derived from the Greek words, acp (atmosphere), and Xi0oj (a stone). 
A meteor is distinguished from an aerolite by the fact that it bursts in 
the atmosphere, but leaves no residuum except a vapor-like smoke; 
while the aerolite, which is supposed to be a fragment of a meteor, comes 
to the ground. 

618 WTiat is ihe weight of those aerolites which have been known to faU 
from the atmosphere t 

Their weights vary from a few ounces to several hun- 
dred pounds^ or even tons. 

GilAi At what height in the atmospTiere are Tneteors supposed to 
appear f 

Their height above the earth has been estimated to 
vary from eighteen to eighty miles, 

616 With whai velocity do they move f 

The velocity of these bodies is somewhat more than 
three hundred miles per minute^ thougll one meteor of 
immense size, which is supposed to have passed within 
twenty-five miles of the earth, moved at the rate of 
twelve hundred miles per minute, 

616 Whai is the value of such estimates ? 

Owing to the short time the meteor is visible and its 
great velocity, accurate observations cannot be made 
upon it ; and all estimates respecting their distance, 
size, etc., must be considered as only approximations 
to the truth. 

617 Whai is the general appearance of a£rolites t 

Most of them are covered witli a Hack shining crusty 
as if the body had been coated with pitch. When 
broken their color is ash-grey, inclining to black. 

Very many of the meteorites which have fallen at different times and 
in different parts of the globe, resemble each other so closely, that they 
would seem to have been broken from the same piece or mass of matter. 

618 Whai is their composition f 

Great numbers of aerolites have been analysed, and 
found to contain nineteen or twenty different elementary 
substances. But for the most part they consist oimaUe- 
able iron a/nd nickel. 
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BIQ Bo the aeroUtes resemble in composition any oGier bodies upon the 
aurfdce of Ihe earth t 

They do not : malleable iron is rarely if ever foimd 
in terrestrial mbsta/ncea ; and metallic nickel does not 
occur upon the surface of the earth naturally. 

680 Whai is peculiar to ihe composition of meteoric ironf 

It has a highly crystalline arrangement^ so peculiar 
that it is especially aistinguished by it. This arrange- 
ment of its particles enables us to decide upon the 
meteoric origin of masses of iron which are occasionally 
found scattered up and down the surface of the earth, 

621. Where have such masses been found? 

In the south of Africa^ in Mexico^ Siberia^ and on 
the route overland to California. Some of these masses 
are of immense weight, and undoubtedly fell from the 
atmosphere. 

628 How are mMeorites supposed to originate f 

Four hypotheses have been advanced to account for 
the origin of these extraordinary bodies : 1. That they 
are thrown up from terrestrial volcanoes. 2. Tliat they 
are produced in the atmosphere from vapors and gases 
exhaled from the earth. 3. That they are thrown from 
litnar volca/ifwes, 4. That they are of the same nature 
OiS the planets^ either derived from them, or existing 
independently. 

623 Which of these hypotheses is regarded as most prohabU t 

The fourth most fully explains the facts connected 
with the appearance of meteorites, and the third like- 
wise has some strong evidence in its favor. 

624 In whai respect do shooting stars differ from meteors f 

Their altitude and velocity are greater^ they are far 
TTiore numerous and frequent^ and are unaccompa/nicd 
by any sownd or explosion. Their brilliancy is also 
much inferior to that of the meteor; and no portion of 
their substance is ever known to have reached the earth. 

626 What do we know concerning their altitude f 

Owing to their great number and frequency of occur- 
rence, many careful observations have been made upon 
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them ; their altitude is supposed to vaiy from six to 
four hundred and sixty miles, the greatest number 
appearing at a height of about seventy miles. 

626 Wliat is {heir supposed velocity f 

It is supposed to range from stosty to fifteen hundred. 

Tnilesper minute, 

637 Are meteors and shooimg stars at aM times equaUy abundant t 
They are not; some may be seen every clear nighty 

"but they appear to return at certain periodical epochs^ 

when tliey descend literally in showers. 

688 WTuit are the periods when they may 6e noticed Toost abundantly f 

On the 9th and 10th of Atcgu^t^ and the 12th and 
13th of November. 

They have also been noticed in unusual abundance on the 18th of Octo- 
ber, the 6th and 7th of December, the 2d of January, the 23d and 24th of 
April, and from the 18th to the 20th of June. 

6SQ jDo the shooting stars appear to emanate from any particular part 
of the heaven^ f 

The majority seem to start from a point in the con- 
stellation of Leo, and undoubtedly far beyond the limits 
of our atmosphere. 

630 What is the zodiacal light? 

It is a singular luminous appearance seen in the 
horizon before sunrise and after sunset, most conspicu- 
ously in the months of April and May. 

Observations made during the year 1855 seem to conclusively prove 
that the appearance known as the " zodiacal light " is occasioned by a 
ring of nebulous matter encircling and pertaining to the earth. 



CHAPTEE VII. 

THE PUMP AND BAROMETER. 



68X Why^ when we suck up a liquid with a tube or straw, does the 
liquid rise to the mmith f 

One end of the tube being placed between the lips, 



98 



SCIENCE OF COMMON THINGS. 



The common pump. 



How oonstmcted. 



Pump valves. 



the air is removed from the tube by the ordinary pro- 
cess of inhaling, when the pressure of the cdmosphere 
compels the liquid to fill the space deserted by the aii*. 

632 Through how great a length of tiibe could we raise a liquid by 
suction 1 

About thirty-two feet. 

633 Why can we not raise it above thirty-two feet f 

Because the atmospheric pressure will only support 
or balance a column of water or similar liquid of that 
height. 

634 How is the common pump constructed f 

The common pump consists of a 
hollow tuiej the lower part of which, 
descending into the w^ater, is called 
the suctionpipe^ and the upper part^ h 
{Fig. 20), the barrel or cylinder / of a 
spout^ 5, at the top of the cyHnder ; of 
an air-tight piston^ which works up 
and down in the cylinder ; and of two 
valves, both opening upwards, one of 
which, ^, is placed at the top of the 
J infill suction-pipe, and the other, ^, in the 
rStI piston. 

h^BH I 636 How does the common pump operate f 

I ^Bi| When the piston is raised from the 

^^32^:^ bottom of the cylinder, the air above 

■i|[ it is drawn up^ leaving a vaxmumh^ 

low the piston ; the water in tlie well 

then rushes up through the valve^ g^ 




FIff.20. 



and fills the cylinder / the piston is then forced down, 
shutting the valve, ^, and causing the water to rise 
through the piston- valve, p ; the piston is then raised, 
closing its valve, and raising the water above it, which 
flows out of the spout^ s. 

636 What is a valve f 

A valve, in general, is a contrivance by which water 
or other fluid, flowing through a tube or aperture, is 
allowed free passage m one direction, but is stopped in 
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Common suction-pump. Height water rises in common pump. 

the otlier. Its structure is such, that, while the 
pressure of fluid on one side has a tendency to close 
it, the pressure on the other side has a tendency to 
open it. 

Figs. 21, 22, and 23 represent the various forms of valves used in 
pumps, water-engines> eta 




Fig. 22. 



BST How can water he raised by ihe common suciion-pump t 
As the action of this pump depends upon the pressure 
of the atmosphere, water cannot be raised by it from a 
depth of TTiore them 34 J^eet helow the 'wpper valve^ and 
in practice a much shorter limit is usually assigned. 

688 A tinman of SeviUe^ in Spain, ignorant of ihe principles of science, 
undertook to construct a sTiction-pump to raise water from a weU sixty feet 
deep ; when the machine was finished, he was confounded at discovering 
that it had no power to raise water at all, and enraged at his disappoint- 
ment, while some one was working the pump, he struck ifie suction pipe with 
a hammer or axe so forcibly as to crack it, when, to his surprise and delight, 
ihe water almost immediately began to fUnv, and he found he had attained 
his purpose. How is this resuU to be accounted for f 

The explanation is as follows : the air pressed in 
through the slit^ or aperture of the suctiorirpipe^ and 
becoming mixed with the water in its di^QQnt^Jvrmeda 
compound fluid far lighter than water alone, and there- 
fore acted upon more readily by the atmospheric pres- 
sure ; and thus produced the phenomenon aescribed. 

639 How high can water be raised in ihe suction-pump by resorting to 
the expedient above described ? 

About flfty-fl^e feet, instead of thirty to thirty-four. 

640 To whom is the invention of the common pump attributed f 

To Ctesihiits, an Athenian engineer, who lived at 
Alexandria, in Egypt, about the middle of the second 
century before the Christian era. 
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G^± When it is desired to raise water above fhirty-four feet, as in fire- 
engines^ etc., 7ww is it accomplished t 

By means of ihe/arcinff-jmmj}. 

G'^S Jn wTiai manner is (he forcing-pump con- 
structed f 

In the forcing-pump atmospheric 
pressure plaj^s but a small part. There 
IS no valve in the piston c (Jig. 24), 
but the water raised through the suc- 
tion-pipe aj and the valve g, is forced 
by each depression of the piston up 
through the pipe e e, which is furnished 
with a valve to prevent the return of 
the fluid. 

64:3 What is a chainrpttmp f 

The chain-pump consists 
of a tube or cyhnder, the 
lower part of which is im- 
merseu in a well or reser- 
voir, and the upper part 
enters the bottom ol a cistern 
into which the water is to 
be raised. A chain is carried 
round a wheel at the top, 
and is furnished at equal 
distances with movable 
bottoms, which fit water- 
tight in the tube. As the 
wheel revolves, they succes- 
sively enter the tube, and 
carry the water up before 
them, which is discharged 
into the cistern at the top 
of the tube. 

- , ^ Mg. 25 represents the coDstruction 
— - and arrangement of the chain-pump. 

644 Under whai circumstances is 
Fig. 26. the chain-pump generally employed f 

When the height through which the water is to be 
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raised, is not very considerable, as in the case where 
the foundations of docks, &c., are to be drained. 

64:6 Who first ascertained and demonstrated tlie reason fi)r (he asceni 
of water in a ivhe by suction^ and in the common pump f 

TorrieelUj a pupil of Galileo. 

64:Q Row was Tie led to his conclusiom f 

He argued, that whatever be the cause which sus- 
tained a column of water in a common pump, the meor 
mire of the power thus manifested must he the weight 
of the column of water ; and consequently, if another 
liquid be used, heavier or lighter, bulk for bulk, than 
water, then the same force must sustain a lesser m* 

greater column of such liquid. By using a much 
eavier liquid, the 
colunm sustained 
would necessarily be 
much shorter, and 
the experiment in 
every way more 
manageable. 

Tomcelli verified his con- 
clusions in the following 
manner: — He selected for 
his experiment mercury, 
the heaviest known liquid. 
As this is 13^ times heavier 
than water, bulk for bulk, 
it followed that, if the force 
imputed to a vacuum could 
sustain 33 feet of water, it 
would necessarily sustain 
13^ times less, or about 30 
inches, of mercury. Torri- 
celli therefore made the fol- 
lowing experiment, which 
has since become memo- 
rable in the history of 
science : — 

He procured a glass tube 
{Fig. 26) more than 30 
inches long, open at one 
end, and closed at the 
other. Filling this tube 
with mercury, and appl}^- 
ing his linger to the open Fig. 26. 
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end, so as to prevent its escape, he inverted it, plunging the end into mer- 
cury contained in a vessel. On removing the linger, he observed that the 
mercury in the tube fell, but did not fall altogether mto the cistern ; it 
only subsided until its surface was at a height of. about 30 inches above 
the surface of the mercury in the cistern. The result was what Torricelli 
expected, and he soon perceived the true cause of the phenomenon. The 
weight of the atmosphere acting upon the surface of the mercury in the 
vessel, supports the liquid in the tube, this last being protected from the 
pressure of the atmosphere by the closed end of the tube. 

647 How was (he fact thai the column of mercury was sustained by the 
pressure of the aimospJiere further verified f 

By an experiment made by Pascal, in France. He 
argued, that if the cause which sustained die columu in 
the tube was the weight of the atmosphere acting on 
the external surface of the mercury in the cistern, men, 
if the tube was transported to the top of a high moun- 
tain, where a less quantity of atmosphere was above it, 
the pressure would be less, and the length of the column 
less. This was tried and found to be the case. 

048 JIow did these experiments lead to the invention of the barometer f 

It was noticed that when the ap- 
paratus above described was kept 
m a fixed position, the height of the 
column flitctuated from day to day 
within certain small limits. Tlie 
efiect was of course to be attributed 
to the variation in the weight of the 
incumbent atmosphere, arising fi*om 
various meteorological causes. 

This led to the use of tlio tube and cistern 
of mercur}^ arranged in the manner before 
described {Fig. 26), for determining the changes 
in the atmopphere, and consequently the cha- 
racter of the weather. 

649 Explain more fully in what manner 
the barometer can be used as a weather-glass 9 

When air is moist, or filled with 
vapor, it is lighter than usual, and 
the column of mercury stands low / 
when air is dtn/ and free fix)m vapor, 
it is heavier than usual, and the mer- 
cury stands high. Thus the bare- 
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Wheel-barometer. 



Use of barometer on land unreliable. 



meter (by showing the variations in 
the weight of the air) indicates the 
changes of the weai,her also, 

0CO How is the common form ofharom^ier^ 
caUed the wheeL-ba/rorneier^ constructed f 

The barometer consists of a hent 
tvibe^ filled with mercmy, as repre- 
Bented in Fig, 27, the column be- 
ing sustained by the pressure of the 
atmosphere upon the surface of the 
mercury in the shorter arm, the end 
of which is open. A small float of 
iron or fflass rests upon the mercury 
in the shorter aim of the tube, and 
is suspended by a slender thread, 
which is passed round a wheel cai'- 
rying an index. As the level of the 
mercmy is altered, and the weight i 
raised or lowered in the tube, the 
index moves ; and as the divisions 
on the circmnference of the circles 
within which it moves are much 
amplified, very slight changes are 
easily read off. 

Fig. 27 represents the internal structure of 
the wheel-barometer, and Fig. 28 its external 
appearance, or casing, with a thermometer 
attached. ^„ 28. 

661. Why is the ordinary use of the barometer on the land extremely 
limited and uncertain f 

The height of the mercury in the tube at any time 
must depend partially upon the elevation of the place 
of observation above tJie level of the sea ; and no correct 
judgment can be formed relative to the density of the 
atmosphere as affecting the state of the weather, with- 
out reference to the situation of the instrument at the 
time of making the observation. Therefore,^ no atten- 
tion ought to be paid to the words, '^fair^ rain^ change- 
able^^^ etc., frequently engraved on the plate of a baro- 
meter, as they will be found no certain indications of 
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Difference between a thermometer and barometer. . Pecnliarities of climates. ' 

the correspondence between the heights marked, and 
the state of the weather. 

668 What is the difference between a thermometer and a larometerf 
In a thermoTneter the mercury is sealed tip from the 
air; and rises or falls as the varying terriperaMtre of 
the air expands or contracts it ; but in a barometer the 
mercury is left ea^sed (or open) to the air ; and rises 
or falls as the varying weight oi the air presses upon 
the open column. 

663 Why is the tube of a barometer left open t 

That the air may press vpon it freely ; and, as this 
pressure varies, the mercury rises orfaUs in the tube. 

664 Why does (he mercury in the barometer rise at the approach of 
fair weather f 

Because the air is becoming mm'e dry, and the drier 
the air, and Ae more free it is from vapor, the greater 
the pressure. 

666 Why does the mercury sink at the approach offotil weather f 

Because the air is laden with vapor or disturbed by 
wind. 

666 Why does vapor in (he air cavse the Tnercury to sinJcf 

Because au* containing vapor is lighter than dry 
avr / and its pressure on the mercury is therefore less. 

667 Why wiU there be no rain if the air be very dry t 

Because dry air will absorb moisture, and not part 
with it in rain. 



CHAPTEE VIII. 

PECULlAEniES OF CLIMATES. 
668 What do we mean by the term clvmate f 

By climate, we mean the condition of a place in 
relation to the various phenomena of the atmosphere, 
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Mean daily tempeTstnie. Temperature Taries with the altitade. 

as temperature, moisture, etc. Thus, we speak of a 
warm or cold climate, a moist or dry climate, etc. 

66© Wh/xt is meant by the rrtean daily temperature f 

The mean or average temperature of the day is 
found by observing the thermometer at fixed intervals 
of time during the twenty-four hours, and then dimdr 
mg the sum of the temperatv/res by the nwmher of 
observations. 

©eo Eov) is the mean annual temperaiwe of a particular point ascer^ 
tainedf 

By taking the average of all the meam, daily temper 
ToZv/res throughout the yea/r. 

661. Row does temperature vary with the laUtude f 

The average annual temperature of the atmosphere 
diminishes from the equator towa/rds either pole. 

66J3 Give examples of Qiis variation f 

At the equator, in Brazil, the average annual tem- 
perature is 84° Fahrenheit's thermometer ; at Calcutta, 
lat. 22** 35' N., the annual temperature is 78° F ; at 
Savannah, lat. 32° 5' N., the annual temperature is 
65° F. ; at London, lat. 51° 31' N"., the annual tempe- 
rature is 50° F. ; at Melville Island, lat. 74° 47' N., the 
mean annual temperature is 1° below zero. 

663 Mow does the temperaiure vary with the aUitude above the earth^s 
surface t 

Temperature diminishes with the altitude. As a 
general rule, a loss of heat occurs to the extent of one 
degree F. for every 343 feet of elevation. 

664 How does the gradual reduction of temperature as we ascend from 
the surface of the earth affect the moisture of the air f 

In every latitude there is a point above the surface 
of the earth where moisture, once frozen, always re- 
mains congealed. 

666 Why are the tops of very high mourUains always covered with 
snowf 

Because, at the great elevation of their summit, the 
ternperature of the atmosphere is so low that the con- 
gealed moistm'e which falls upon them never mdts. 
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What is a glacier f Icebergs. Line of perpetnal snow. 

see WhaZis a glacier f 

The glacier only exists upon mountains whose sum- 
mits are covered with perpetual snow. The snow upoi; 
the higher parts becomes somewhat softened during 
the summer, and in the winter is again hardened nearly 
to ice. In the succeeding summer, the action of the 
Bun, and the internal heat of the earth, detach large 
masses loaded with recently deposited snow into the 
neighboring valleys, where, being accumulated, and 
the crevices fillea with snow or water which at last 
hardens to ice^ they form huge seas of ice, or a glacier ; 
in French, mers-de-glace. 

S67 Do ike glaciers continue to increase year hy year f 

Very many of them do ; and in Switzerland many 
valleys, oucq fertile^ are now filled with glaciers. From 
the bottom of the glacier streams of water constantly 
issue, and it is from such sources that the rivers Shvne 
and Rhons of Europe take their rise. 

ess Bofw are the gigantic icebergs formed which are found floating ai 
some seasons in the Atlantic f 

They are portions of great glaciers formed in the 
northern regions, which become detached and float in 
the sea. 

669 Bow high are icebergs sometimes seen f 

Sometimes exceeding 800 feet in height. 

©70 At what elevation above the mrface of the earthy ai the equatoTy 
will water remain frozen f 

At an elevation of about 15,000 feet. 

Q'J'l At what elevation in the straits of Magellan will water remmn 
frozen f 

At about AQOOfeet 

673 What is the point where water remains frozen caUedf 
The line oi perpetual snow. 

673 Why are not all places which lie under the sam^ parallel of lati- 
tude of the same temperature f 

Because various disturbing circumstances tend to vary 
the mean temperature. 
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EfPlect of the sea on the climate. Of moantalns on temperature. Nataral soils. 

674 W?uit disturbing circumstances affect the temperature of particular 
sUuaiionsf 

1. The devaUon VLndiform of the land ; 

2. The proxif/iity of the sea ; 

8. Mountains^ swamps^ ^vAfcyrests^ 

4. The nature of the soil ; and 

5. The prevalence of cold or warm winds. 

675 WJiat eject is produced on temperature by the configuration of 
lands? 

Islands and peninsulas are warmer than continents ; 
days and inland seas also tend to raise the mean tem- 
perature. 

©76 What effect has the sea on temperature f 

In warm climates it tends to diminish the heat ; in 
cold climates to mitigate the cold. 

677 What effect have mountains on temperature f 

Chains of mountains which ward off cold winds, aug- 
ment the temperatmre / but mountains which ward off 
south and west wmds, low^ it. 

678 WhoA effect has soil on temperature ? 

A sandy soil, which is dry, is warmer than a marshy 
soil, which is wety and subject to great evaporation. 

67S WJiat is a natural soUf 

Natural soils are merely decomposed parts of the svb- 
jacent rocks^ mixed with the decomposed portion of 
vegetable substances which have grown or fallen upon 
it, with some animal substances. 

680 Whai is the name given to the vegetable and animal products 
mixed with (he mineral ingredients of a soil f 

Humus. 

681 Whai beTiefidal effect do hose stones and rocks have upon dry 
porous soils f 

They retain moistaire in the soil by preventing the 

evaporation which would otherwise take place. In 

high lands they serve to condense fogs and low clouds, 

and thus add to the moisture of the subjacent soil. 

68S What countries are the most cloudy f 

Those where the temperature and winds are m4}st 
variable^ as Great Britain. 
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Where the most rain fUls. How many rainy days in the year. 

683 W?uU countries are the least chudy f 

Those where the temperature and winds are least 
variable, as Egj^t. 

684 Why are mourdairums countries more rainy than flat onesf 
Because the air (striking against the sides of the 

mountains) is carried up the i/ndined plane, and brought 
in contact with the cotd air of the higher regions ; in 
consequence of which its vapor is condensed and depo- 
sited in rain. 

685 When is (he quantity of nwisture in the air greatest, and wTien 
least? 

It is greatest in the summer monthsy and least in the 
winter. 

686 In what part of (he world does rainfall most abundanUy f 

Near the eqitator ; and the quantity of rain decreases 
as we approach \h.Q poles. 

687 Hovj many inches of rain faU yearly at the city of Vera OruZf 
Mexico f 

About two hundred a/nd s&venty-eight inches. 

688 How great a depth of rain, measured in inches, faUs yearly in 
London f 

About twenty-jwe inches 

689 Eow do you account for the greai amouiit of rain falling at Vera 
Oruzt 

Vera Cruz, situated within the tropics, is backed by 
Iqft^j/ mountains, whose summits are covered with per- 
petual snow f against these the hot, humid air from 
the sea is driven by the trade-winds, condensed, and its 
excess of moisture is precipitated as rain. 

690 In what latitudes do die greatest number of rainy days occur? 

There are more rainy days in the temperate zones 
than in the tropics, altliough the yearly quantity of 
rain falling in the latter districts is much greater than 
in the former. 

691 Ab(M how many rainy days are there in a year in the northern 
parts of the United States ? 

About one hundred and thirty-f(mr / in the South- 
em States the number is somewhat less, being about 
one hundi'ed and three. 



f 
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Bain-gauge. Wet and dry seasons of the tropics. 

69S Why does it rain more freqvenUy in the temperate zones ifian in 
the tropics f 

Because the temperate zone is a region of variable 
windsy and the temperature of the atmosphere changes 
often ; while in the tropics the wind changes but rarely, 
and the temperature is. very constant throughout a great 
part of the year. 

©93 Mow is the amount of rain meastaredf 

By means of a rain-gauge. 

0©4 How is this constniciedf 

The best form consists of a dylindricdl metal vessel 
furnished with a float ; the rain falling into the vessel 
raises the jloat^ the stem of which is so graduaied that 
the increase in depth can be very accurately measured. 

69€S Why does it rain more upon the sea-coast than in (he interior of 
a country f 

Because the air adjacent to the ocean contains more 
Tnoisture than the air inland. 

6Q6 What is (he average yearly faU of rain in the tropics and tempe- 
raie zones? 

The average yearly fall of rain in the tropics is nine- 
ty-jwe inches / m the temperate zone only thirty-jwe. 

The greatest rain-fall, however, is precipitated in the shortest time. 
Ninety-five inches fall in eighty days on the equator, while at St. Peters- 
burg the yearly rain-fall is but seventeen inches, spread over one hundred 
and sixty-nine days. Again, a tropical wet day is not continuously wet. 
The morning is clear ; clouds form about ten o'clock ; the rain begins at 
twelve, and pours till about half-past four; by sunset the clouds are 
gone, and the nights are invariably fine. 

097 In the tropics^ how are the seasons divided f 

Into the wet or rainy ^ and the dry season. 

698 Are there some countries entirely destitute of rain f 

In some parts of Egypt it never rains ; in Peru it 
rains once^ perhaps, in a mamJs lifetime. 

Upon the table-land of Mexico, in parts of Guatemala and California, 
for the same reason, rain is very rare. But the grandest rainless districta 
are those occupied by the great desert of Africa^ extending westward 
over portions of Arabia and Persia to a desert province of the Belooches — 
districts farther continued in the heart of Asia over the great desert of 
Gobi, the table-land of Thibet, and part of Mongolia. In all these are 
five or six millions of square miles of land tliat never taste a shower. 
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Countries destltate of ndn. Annual amount of rain. Annual eyapoiatlon. 

699 Why are these countries destUtUe of rain f 

The cause of this scarcity is to be sought for in the 
peeuliar oonforrrvation of the country. 

In Peru, parallel to the coast, and at a short distance fix>m the sea, is 
the lofty range of the Andes, the peaks of which are covered with per- 
petual snow and ice. Th^ prevailing wind is an east wind, sweeping 
from the Atlantic to the Pacific across the continent of South America. 
As it approaches the west coast, it encounters this range of mountains, 
and becomes so cooled by them that it is forced to precipitate its moist- 
ure and passes on to the coast almost devoid of moisture. In Egypt and 
other desert countries, the dry sandy plains heat the atmosphere to such 
an extent that it absorbs moisture, and precipitates none. 

700 Are ihere some districts in which it may be said to always rain 7 
In some portions of Ouiana it rains for a great por- 
tion of the year. The fierce heat of the tropical sun 
fills the atmosphere with vapor ^ which returns to the 
earth again in constant showers, as the cool winds of the 
ocean now in from the higher latitudes. 

701 How great a qimniity of water is supposed to he annually precipi- 
tated as rain f 

The amount is calculated to exceed seven Tiundred 
cmd sixty millions of tons 

70s Was this whole amount raised by evaporation into the atmospJieref 

Certainly; the daily amoimt of water raised by 
evaporation from the sea alone amounts to no less than 
one hundred and sixty four cvMc miles^ or about sixty 
thousand cubic miles annually. 

'703 What is the daily amount ofevaporaiion from the sea between tJit 
Cape of Good Hope and Calcutta f 

During the months of October and November^ it is 
known to average three quartei's of an inch daily from 
the whole surface. 

7^04 Js the climoie of New England and the Kortliem United Slates 
drier than that of England and Central Europe f 

It is / and this fact exercises an imvorta/nt infiuence 
upon many professions and callings. Painters find that 
their work dries quicker in New England than in Cen- 
tral Europe. Cabinet-makers here are obliged to use 
thicker glue, and watchmakers animal instead of vege- 
table oil. 
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Hail-Btorms, where most ft^qaent The moon and the weather. 

705 Why will not pianofortes made in England or Germany answer 
for use in New England f 

Because the difference in the climate of these respec- 
tive countries is so great, as respects moisture^ that 
the foreign instruments shrink, and quickly become 
damaged. 

TOG In what climates do hail-storms most frequently occur f 

In temperate climates most frequently, and rarely 
within the tropics. 

707 In what localities in Hie temperate zones do hail-siorms occur most 
frequently f 

In the vicinity of high 7nauntains, whose peaks are 
always covered with ice and snow. The south of France, 
which lies between the Alps and Pyrenees, is annually 
ravaged by hail ; and the damage which it causes 
yearly to vineyards and standing crops, is estimated at 
upwards of nine millions of doUara. 

708 Bo the general meteorological changes which take place almost 
daily, and which are designated as weather clumges, occur in aecordanee 
with certain fixed laws f 

There is no reason to doubt that every change in the 
weather is in strict accordance with some certain phy- 
sical agenciesj which are fixed and certain in their 
operations. 

70© Why can we not, then, with certainty determine and foreteU Vie 
character of the weather for any particular time f 

Because the laws which govern meteorological 
changes are as yet imperfectly understood. 

710 Is there any reason for supposing that the moon has any influence 
vpon the weather f 

An examination of meteorological records, kept in 
different countries through many years, proves conclu- 
sively that the popular notions concerning the influence 
of the lunar phases on the weather have 710 foundation 
in any well established theory^ and no correspondence 
with observed facts. 

7x1 Do meteorological records afford any support to the belief in the 
occurrence of rain at particular phases of the mxxm t 

There is some reason for supposing that rain falls 
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Effect of moonlight on animals and yegetablea. Equinoctial storm. 



more frequently about ytmr days before full moon^ and 
less frequently about four or five days before new 
moon, than at other parts of the month ; but this can- 
not be considered as an established fact: in other 
respects the changes of the moon cannot be shown to 
have influenced in any way the production of rain. 

713 Does the hrighi moorilight in any way Tiasten the putrefaction of 
animal or vegetable subsUmces f 

It is generally supposed to do so ; but the fact is, 
that on bright, clear niffhts, when the moon shines 
brilliantly, aew is more jreely deposited on these sub- 
stances than at other times, and m this way putrefac- 
tion may be accelerated. With this the moon has no 
connexion. 

713 Is there any foundation for the belief (hat the appearance of ike 
aurora horealis isfoUowed by a change in (he weaiher f 

Meteorological registers conclusively show that there 
is no such connexion^ and that the appearance of the 
aurora is as often followed by fair weather as by foul. 

7^4 Is there any truth in the traditional notion that a long and violent 
storm usuaUy accompam,ies the period of the equinooces f 

The examination of weather-records for sixty-four 
years shows that no partictdar day can be pointed out 
m the month of September (when the "equinoctial 
Btorm" is said to occur) upon which there ever was, or 
ever will be, a so-called equinoctial storm. The fact, 
however, should not be concealed, that taking the ave- 
rage of the five days embracing the equinox for the 
period above stated, the amount of rain is greater than 
for any other five days, hy three per cent., throughout 
the month. 

716 Is there any reason for believing that cold and warm seasons aUer- 
note? 

Meteorological records, kept for eighty years at the 
observatory of Greenwich, England, seem to show that 
groups of wa/rm years alternate with cold ones in such 
a way as to render it most probable that the mean an- 
nual temperatures rise and fall in a series of curves, 
corresponding to periods of about fourteen years. 
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Can animals foretell changes In the weather ? 

71Q Is it probable that some animals and insects are able to foretell 
changes in the weaiher before man can perceive any indications of Vie same f 

Of tliiB fact there appears to ho no dovht Some 
varieties of the land-snail only make their appearance 
"before a rcdn. Some other varieties of land crustaceous 
animals change their color and appearance twenty-fonr 
hours before a rain. | 

717 What curious fact has been noticed in respect to the leaves of truJ 
indicating changes in (he weather f 

For a light, short rain, some trees have been observed 
to incline their lecuoes^ so as to retain water ; but for a 
long rain, they are so doubled as to conduct the water 
away. 

718 What fact hxis also been noticed respecting the changes in springs 
previous to a rain f 

The water of springs has been observed to rise and 
flow out in greater YolximQ previous to a rain. 

Most, if not all, of the popular proverbs respecting changes in the wea- 
ther, the influence of the moon, of frosts, auroras, and the like, when 
tested by observation, will be found to bo unsupported by facts, and 
unworthy of the slightest credence. 

710 Why will tlitre he no rain if the air be very cold f 

Because it is so much condensed that it has already 
parted with as much moisture as it can spare. 

7S30 Have heat and cold any effect on the barometer f 

No, not of themselves ; but as cold weather is gene- 
rally either dry or rough, with northerly winds, the 
mercury generally rises in cold weather ; and as warm 
weather is often moist, or accompanied by southerly 
winds, which bring vapor with them, therefore the mer- 
cury often sinks in warm weather. 
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PAET IV. 

SOUND. 

CHAPTEE I. 

ORIGIN AND TRANSMISSION OF SOUND. 
721 Jloto is sound produced f 

Sound is heard where any sudden shock or impulse, 
causing vibrations^ is given to the air, or any other 
body, which is in contact directly or indirectly with the 
dru7n of the ear, 

7SS WTud is the drum or tympanum of the ear f 

A thin membro/ne which closes the aperture of the 
ear. 

TSS Ebw do the vibrations ofihe air^ siriMng upon the drum of the ear^ 
give us the semation of sound f 

Behind the drum of the ear are various cavities and 
tvhes in the bone which form the side of the head, in 
which the minute -fibres of the auditory Qierve are dis- 
tributed. When the drum of the ear is made to vibrate 
freely by the action of the sonorous undulations of the 
external air, the vibrations are communicated by the 
action of minute bones, muscles, and fluids contained in 
the cavities of the ear, to the nerve, and from thence the 
impressions are conveyed to the brain. 

Fig. 29 is^a perspective magnified view of the interior of the ear. The 
several parts of the ear, and the progress of sound towards the nerve 
which communicates the sensation to the brain, may, however, be best 
illustrated by reference to Fig. 30 : — 

1. There is external to the head a wide-mouthed tube, or ear-trumpet, 
O) for catching and concentrating the waves of sound. It is movable in 
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Constmetion of the ear. ' Air not necessary to soand. 





Hg. 29. Pig. 80. 

many animals, so that they can direct it to the place from which the 
sound comes. 

2. The sound concentrated at the bottom of the ear-tube falls upon a 
membrane stretched across the channel, like the parchment of an ordi- 
nary drum, over the space called the tympanum^ or drum of the ear^ &, 
and causes the membrane to vibrate. That its motion may be free, 
the air contained within the drum has free communication with the 
external air by the open passage, /, called the eustachian tvhe^ leaduag to 
the back of the mouth. A degree of deafness ensues when this tube ia 
obstructed, as in a cold ; and a crack, or sudden noise, with immediate 
return of natural hearing, is generally experienced when, in the effort of 
sneezing or otherwise, the obstruction is removed. 

3. The vibrations of the membrane of the drum are conveyed further 
inwards, through the cavity of the drum, by a chain of four bones (not 
here represented on account of their minuteness), reaching from the 
centre of the membrane to the oval door or window^ leading into the 
labyrinth e. 

4. The labyrinth, or complex inner compartment of the ear, over which 
the nerve of hearing is spread as a lining, is full of watery fluid; and, 
therefore, by the law of fluid pressure, when the force of the moving 
membrane of the drum, acting through the chain of bones, is made to 
compress the water, the pressure is felt instantly over the whole cavity. 
The labyrinth consists of the vestibule^ c, the three semiciraUar danals^ f, 
imbedded in the hard bone, and a winding cavity, called the cochlea^ rf, 
like that of a snail-shell, in which fibres, stretched across like harp-strings, 
constitute the lyra. The separate uses of these various parts are not yet 
fully known. The membrane of the tympanum may be pierced, and the 
chain of bones may be broken, without entire loss of hearing. — ^Arnott. 

724 Is air necessary to (he production of sound ? 

^KTo ; but most sounds owe their origin to tlie vibra- 
tions of the air. Sound can be produced under water^ 
and all hodies are, in fact, more or less fitted to produce 
the sound mhrations ; in many cases air is neither the 
quickest nor the best conductor of sound. 

TSS Upon what does the Tx/adness of sov/nd conveyed hy air depend t 

Upon the dermty of the air ? 
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What is a sonorous body ? Sonorous vibrations. Bell metal 

TSQ Why does a hell rung in a receiver exhausted of air fail to produce 
sound f 

Because no air is present to receive and transmit the 
vibrations. 
737 What is a sounding or soTwrous tody f 

A body possessing both hardness and elasticitjr, 
which, when struck, vibrates, and imparts to the air in 
contact with it undulations corresponaing to its vibra- 
tions. 

7S8 Why has the peculiar kind ofrmtUm in bodies which gives rise to 
the sensation of sounds been termed vibration f 

Because a striking analogy may be traced between 

the tremulous agitation whicii taKes place among the 

particles of a soundiiig hody and the osoUlat/iona of a 

pendulv/m. 

730 ^ow may the nature of sonorous 
vibrations be illustrated ? 

By noticing the visible mo- 
tions which occur on striking 
or twitching a tightly extender 
cord or wire. Suppose such a 
cord, represented by the cen- 
tral line in Fig, 31, to be 
forcibly drawn out to A, and let go ; it would immedi- 
ately recover its original position by virtue of its elas- 
ticity ; but when it reached the central point, it would 
have acquired so much momentum as would cause it to 
pass onward to a: thence it would vibrate back in the 
same manner to B, and back again to J, the extent of 
its vibration being gradually diminished by the resist- 
ance of the air, so that it would at length return to a 
Btate of rest. 

730 Wliy are copper and iron sonorous, and not lead f 

Copper and iron are hard and elastic / but as lead 
is neither hard nor elastic, it is not sonorous, 

731 Of what is bell-metal made f 

Of copper and tin in the following proportions : — ^In 
every five pounds of bell-metal there snould be one 
pound of tin and four pounds of copper. 
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fiol idfl transmit sound. The earth oondnots sound. Sound vlbrationfl. 

735 Why is this mixture of tin and copper used for heU-meicd f 

Because it is much harder and more elastic than any 
of the pure metals, 

733 Are soMs capable of transmiitiTig sounds f 

All solid bodies which possess elasticity hare the 
power of propagating or transmitting sounds. 

734 What easy eoBperiment iUtistraies the transmission of sound by 
$oUdsf 

When a stick is held between the teeth at one ex- 
tremity, and the other is placed in contact with a table, 
the scratch of a pin on the table may be heard witli 
great distinctness, though both ears be stopped. 

736 DoeM{ks4isur(k<midiuct8omdf 

The earth often conducts sound, so as to render it 
sensible to the ear, when the air fails to do so. It is 
well known that the approach of a troop of horse can 
be heard at a distance by putting the ear to the ^ound, 
and savages practise this method of ascertaimng the 
approach of persons from a great distance. 

73Q What purpose is svbserved by the body of a stringed instrmneTd f 

The strmg of an mstrumenty when caused to vibrate, 
communicates the vibrations to the matter composing 
the body of the instrument and the surrounding air, 
and thus a tone or rrmsical note is produced ana ren- 
dered audible to the ear. 

737 How are aerial vibrations orpidses communicaiedf 

The air, encompassing sounding bodies on every side, 
conveys the sensation ot sound in all directions ; there- 
fore the atrial vibrations^ or, as they have been termed, 
^^puLses^'* must be communicated successively and ge- 
nerally throughout the whole space within the Umits 
of which they are capable of affecting the ear. 

738 To what Juwe (he sotmd vibrations or pulsatioTis been compared f 

To the waves spreading in concentric circles over 
the smooth surface of water. 

When a stone is thrown into water, the liquid waves are prop^ated 
not only directly forward from the centre, but if they encounter any ob- 
struction, as from a floating body, they will bend their course round the 
sides of the obstacle, and spread out obliquely beyond it So the undu- 

6 
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lationa of air, if interrupted in their progress by a high wall or other simi- 
Jar impediment, will be continued over its summit and propagated on the 
opposite side of it 

730 Wh^ a sonorous body is struck, do aU ihepartidea of which U is 
composed really move or vibrate f 

They do ; and the body itself, no matter how com- 
pact and solid it may be, really changes its form with 
each vibration. 

740 How may (he sound vibrations in a soUd body be rendered visible f 

By many simple contrivances — as by a ball hxmg by 
a string to a bell, by pieces of paper placed on the 
strings of a Violin, or by sand placed upon the sound- 
ing-board of a piano or any other stringed instrument. 

741 Bbwfiut does sound travd f 

About 13 miles in a minute, or 1142 feet in a second 
of time, 

745 Why is the flash of a gun fired at a distance seen long before fhe 
report is hea/rd f 

Because light travels much faster than sound. 
Light would go 480 times round the whole earth while sound is going 
its 18 milee. 

743 Sow is a knowledge of the vehdty of sound made applicable to (he 
measuremerU of distances f 

Suppose a flash of lightning to be perceived, and on 
counting the seconds that elapse before the thunder is 
heard, we find them to amount to 3^ ; then as sound 
moves 1142 feet in a second, it will follow that the 
thunder-cloud must be distant 1142 x 3i = 3997 feet 

744 Why do windows rattle when carts pass by a house f 

1. Because glass is 8<morou8 / and the air communi- 
cates its vibrations to the glass, which echoes the same 
sound; and 

2. Ihe window-frame being shaken^ contributes to 
the noise. 

Window-frames are shaken, 1. By sound-waves striking against them. 
S. By a vibratory motion communicated to them by the walls of the 
house. 

746 Why is (he sound of a beU stopped by touching the beU toith our 
finger t 

Because the weight of our finger stcfps the vibrations 
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of the bell ; and as soon as the bell ceases to vibrate^ it 
ceases to make sound-waves in the air. 

746 Why does a split beU maJce a hoarse^ disagreeable sound f 

^ Because the split of the bell causes a double vibration / 
and as the sound-waves elash and ^ jar ^ they impede 
each other's motion, and produce discordant sounds. 

747 Why can persons, living a mUe or two from ioton, hear (he beUs 
of ihe town churches someHmes and not at others f 

Because fogs, rain, and snow obstruct the passage of 
sound; but when the air is cold and clear ^ sound is 
propagated more easily. 

748 Why cam we not hear sounds {as those of distant church bells) in 
rainy weather so weU as in fine weaiher f 

^ Because the falling rain interferes with the vrnduLa- 
lions of the sowndrwaves^ and breaks them up. 

749 Why cam, we not hear sounds (as those of distant church hells) in 
snowy weather so well as in fine weaiherf 

Because the falling snow irderferes with the undula- 
tions of the soymlrwaA)es^ and stops their progress. 

750 Why can we not hear sounds (such as those of distant clocks) so 
distinctly in a thick mist or haze as in a dear night f 

Because the air is not of uniform density when it is 
laden with mist; in conse(]^uence of whicn the sound 
waves are obstructed in their progress. 

751 Why do we hear sounds better by night than by dayf 

1, Because night air is of more ii/niform density , and 
less liable to accidental currents ; and 

2. Night is more stilly from the suspension of business 
and hum of men. Many sounds become perceptible 
during the night, which during the day are completely 
stifled, before they reach the ear, by the din and dis- 
cordant noises of labor, business, ana pleasure. 

76J3 Why is the air of more uniform density by night ihan it is by 
dayf 

Because it is less liable to accidental currents ; inas- 
nrach as the breezes (created by the action of the sun's 
rays) generally cease during the night. 

763 Bim should partition waUs be Tnade, to prevent the voices in adjoin- 
ing rooms from being heard f 
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The space between the laths should be filled with 
sha/oinga or sawdust ; and then no sound would ever 
pass fiom one room to another. 

764 Why should aftavings or sawdust prevent the transmission of sound 
from room to room f 

Because there would be several different media for 
the sound to pass through ; and eyeiy change of medium 
diminishes the strength of the sound-waves. 

700 What solids are amxmg the best conductors of sound f 

Iron and glass ; sound is transmitted by them at the 
rate of 17,600 feet, or more than 3 miles in a second ; 
after these rank copper, several different kinds of wood, 
silver, tin, &c. 



CHAPTER II. 



VOCAL AND MUSICAL SOUNDS. 



70s What w a musical sound f 

A musical sound is produced by regular undulations 
or vibrations — a succession of sounds following each 
other with perfect uniformity. 

757 Bow does a noise differ from a musical souhdf 

A noise is the result of very irregular or disturbed 
undulations or vibrations. 

758 Ih aU persons hear sounds alike t 

The faculty of hearing depends upon the construc- 
tion and sensibility of the ear, and as this differs in dif- 
ferent individuals, it is certain that all persons will not 
hear sounds alike. 

75Q What is meant by Ote terms concord and discord f 

When two tones or notes sounded together produce 
an agreeable effect on the ear, their combination is 
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called a musical concord: when the effect is disagree- 
able, it is called a discord. 

7©0 What is the gamut or dialonic scah of music t 

Jt consists of seven notes^ which are distinguished by 
the seven first letters of the alphabet, or by the seven 
syllables, do^ re^ mi, fa, sol, la, si. 

761 Why do flutes, etc, produce musical sounds t 

Becanse the breath of the performer canses the air 
in the Jhde to vibrate / and this vibration sets in mo* 
tion the sound-waves of the air. 

76d Why does a flddle-^iring give a rrmeical sound f 

Because the bow drawn across the string causes it to 
vibrate; and this vibration of the string sets in TnoUofi 
the somid/^afoes of the air, and produces musical notes. 

7S3 Why does a drum sound f 

Because the parchment head of the drum vibrates 
from the blow of the drum-stick, and sets in motion the 
fioxmd-waves of the air. 

764: Why do pianofortes produce musical sounds t 

Because each key of the piano (being struck with the 
finger) lifts up a little hammer which miocks agamst a 
strtng ; and the vibration thus produced sets in motion 
the sound-waves of the air. 

766 Why is an instrumerU flat when (he strings are unstrung f 

Because the vibrations are too slow ; in consequence 
of which the sounds produced are not shriU or sharp 
enough. 

766 Why do birds ahne^ of animals^ produce musical notes f 
Because they alone are gifted with a vocal organizes 

tion, which enables them to produce musical notes. In 
other animals, the larynx is placed wholly at the 
upper end of the windpipe ; but in birds it is sepa- 
rated, as it were, into two parts, one placed at each 
extremity. 

767 Why cannot birds be so correcSy said to sing as to whistle t 

Because natural singing is an exclusive privilege of 
man. 
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TSS In the human system, whai aire Hhi parts concerned in the prodvd> 
tion of speech and music f 

They are the windpipe, the IcMynXy and the glottis. 

760 Whaiis^kAvrndpipei 

The windpipe is merely a caHdlaginous canal throngh 
which the air issucB from the Imigs. 

770 Whai is the larynx f 

The larynx is an enlarged contimiation of the vyind- 
pipe, formed, like it, of cari/Uage or griMe, membrane, 
and rwusde: it is, however, more complicated, ter- 
minating aoove in two lateral membranes which 
approacn near together, leaving an oblong, narrow 
opening, called the glottis. 

771 Bow is sound produced by Gia argam ofwke t 

The air expired from the limgs, passes through the 
windpipe and out at the larynx, through the oj)ening 
of the membrane called the glottis. The vibration of 
these membranes, caused by me passage of air, causes 
sound. 

77S How can the tones of the voice be made grave or acute f 

By varying the tension of these membranes and the 
size of the opening. 

773 What is (he force exerted by the heaJihy chest in blowing f 

About one pound on the inch of its s^wrface / that 
is to say, tiie chest can condense its contained air with 
that force, and can therefore blow through a tube the 
mouth of which is ten feet under the surface of water. 

774 WhaJt is ihe vocal ajcti4)n of coughing f 

In coughing the top of the windpipe or the glottis is 
closed for an instant, during which the chest is com- 
pressing and condensing its contained air ; and on the 
glottis being opened, a slight explosion, as it were, of 
tie compressed air takes place, and blows out any irri- 
tating matter that may be in the air-passages. 

77s Why does a popgun make a hud report when the paper buUet is 
discharged from itt 

Because the air confined between the paper bullet 
and the discharging rod is suddenly liberated, and 
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strikes against the smromiding air ; this makes a report 
in the same way as when any two solida (such as your 
hand and the table) come into collision. 

770 WhatU sneezing f 

Sneezing is a phenomenon resembling couffh ; only 
the chest empties itself at one effort, and chiefly 
through the nose^ instead of through the mcmtJij as in 
coughing. 

Laughing consists of quicJdy rej^eated exptdsiona of 
cm* from the chest, the glottis being at the time in a 
condition to produce voice ; but there is not between 
the expirations, as in coughing, a complete closure of 
the glottis. 

778 Whaiiahiamghf 

Hiccough is the stopping of the commencement of a 
strong inspiration, by a maden dosing of the glotUs. 

770 WJuU is crying f 

Crying differs from laughing almost solely in the 
circumstance of the intervals between the gi^sts or esopu- 
rations of air from the lungs being longer. Children 
laugh and cry in the same breath. 

780 Whyj in straining to Ufl weighiSj or to make any poiverftU 'bodOy 
effort^ do we compress our breath f 

We shut up the air in the lungs in order to give 
inoreased steadiness and jlmn/ness to the body. 

781 When is a person suffocated f 

^ When the windpipe becomes choked^ or the supply of 
air to the lungs is in any way cut off. 

78d Why do birds sing comparatively louder ihan rrumf 

Because the strength of the larynx, and of the nauscles 
of the throat, in birds, is infinitely greater than in the 
human race. The loudest shout of man is but a feeble 
cry compared with that of the golden-eyed duck, the 
wild goose, or even the woodlark. 

783 EiyiD a/re winged imects generally fovM I0 prodat^ 
Generally they excite sonorous vibration« by the 
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Jhittering of thevr wmga or other membranoufi parts of 
their structure. 
784 How do locusts produce soundf 

They are furnished with an okMaddeTy or a B{)ecie8 
of ha^^ipej placed under and rather behina their wings. 



CHAPTEE III. 



EEFLECnON OF SOUNDS. 

786 Whatisanediot 

An echo is a reflection of sound. 

786 WiU you eoc^in (he manner in which on echo is produced f - 
"When a wave or undulation of water strikes against 

a smooth surface, it is reflected, or turned back, and 
waves moving in an opposite direction are produced. 
The same thing takes place with a sound-wave of air : we 
hear first the sound proceeding directly from the sono- 
rous body ; then, if the sound-wave strikes against a 
proper surface, at a suitable distance, it is turned back, 
and we hear a repetition of the sound. This repetition 
we call an echo. 

787 Are echoes often heard ai sea or on extensive plams f 

Very rarely ; at sea or on an extensive plain there 
are no surfaces to reflect sound. It sometimes happens, 
however, that in these situations the clouds reflect sound. 

788 In what places do echoes most frequenUy occur f 

In caverns, large halls, valleys and mountainous 
passes, the windings of long passages, etc. 

788 Why are these places famatis for echoes t 

Because the sound-waves cannot flow freely forward, 
but continually strike against opposing surfaces, and 
are turned back. 
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700 What heatUifid fiction existed aimmg the andenta relative io (he 
production of echo f 

They supposed that JEoho was a nvin^h who dwelt 
concealed among the rocks, and who repeated the 
sounds she heard. 

7Q1 At what distancemust the hody reflecting (he aounds be eiiuated m 
order to produce an echo f 

It is requisite that the reflecting body should be 
situated at such a distance from the source of sound, 
that the mterval between the jpercej^tion of the original 
and reflected sounds may he sufficient to jpr&oent them, 
from oeing llended together. 

7S9 When the sounds become thus blended logeOur^ what is the effect 
cdBedf 

A resonance^ and not an echo. 

7G3 Why do not (he waXls of a room of ordinary size produce an echo f 

Because the reflecting sttrface is so near the source 
of sound that the echo is blended with the original 
soimd ; and the two produce but one im^pression on 
the ear. 

7S4: Why do very large buildings {as cathedrals) often reverberaie the 
voice of the speaker f 

Because the walls are so far o;^ from the speaker^ 
that the echo does not get back vn time to blend with 
the original sound ; and therefore each is heard sepa- 
rately. 

705 Why do smrve echoes repeat only one syllable f 

Because the echoing body is very nea/r. The farther 
the echoing body is off, the m^ore sound it will reflect : 
if, therefore, it be very nea/r. it will repeat but one syl- 
lable. 

7©B Why does an echo sometimes repeat two or more syUdbles f 

Because the echoing body is far off; and therefore 
there is time for one reflection to pass a/way before a/n- 
other reaches the ear. 

All the syllables must be vJikired before the echo of the first syllable 
reaches the ear : i^ therefore, a person repeats 7 i^Uables in 3 seconds of 
time, and hears them oZZ echoed, the reflecting object is 1142 feet distant ; 
because sound travels 1143 feet in a second, and the words take one 
aecond to ^o to the reflecting object, and one second to rfimm, 

6* 
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707 W?iat must he the conditions of the reflecting surface in order to 
produce a perfect echo f 

The surface must be smooth and of some regtdar 
form; for the wave of sound rebounds, according to 
the same law as a wave of water or an elastic haH^pe?^ 
jpendicrda/rly to the surface if it fall perpendicularly, 
and if it fall (Miqudy on one side, it departs with an 
equal degree of doliquity on the other side. 

708 Whoti must he (he effect of an irregular surface f 

An irreauiar surface must break the echo; and if 
the irregularity be very considerable, there can be no 
distinct or audible reflection at all. For this reason an 
echo is much less perfect from the front of a house 
which has windows and doors, than from the plane 
end, or any plane wall of the same magnitude. 

700 Why have haUs for music plane hose waUs f 

Because the ha/rd plane waUs reflect the sawnd regu- 
la/rh/^ and increase the eflfect of the music. 

800 Why arc haJls for speaJcing^ (heat/res^ churches^ etc^ generally 
omamefnied on the wail, and furnished with piUars, curtains^ etc 

Because the oma/ments, pillars^ curtains^ etc., form 
irregular surfaces, which oreak up and destroy the 
echoes and resonances. 

801 Why is a thick curtain often placed behind a pulpit or speakmff- 
deskf 

Because the material absorbs the sound, and by not 
reflecting it avoids the production of echoes and reso- 
nances. 

If the room is not very large, a curtain behind the speaker impedes 
rather than assists his voice. 




Fiff.83. 
803 Whai is a speaking trumpet f 

A speaking trumpet is a hollow tube, so constructed. 
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CoDBtraction of the speaking tmmpet Ear trumpet 

that the rays of sound (proceeding from the mouth 
when applied to it), instead of diverging, and being 
Bcattered through the surromidinff atmosphere, are 
reflected from me sides, and conducted forward in 
straight lines, thus giving great additional strength to 
the voice. The course of the rays of sound proceeding 




Fig.88. 

from the mouth through this instrument, may be shown 
by Fig. 33. The trumpet being directed to any point, 
a collection of parallel ravs of sound moves towards 
such point, and they reach the ear in much greater 
number than would the diverging rays which would 
proceed from a speaker without such an instrument. 

803 WhaJt is cm tar trumpetf 

An ear trumpet, JFia. 34-, is in form and application 
the reverse of a speaking trumpet, but 
in principle the same. The rays of - 
sound proceeding from a speaker, more 
or less distant, enter the hearing trum- 
pet, and are reflected in such a manner 
as to concentrate the sound upon the 
opening of the ear. Fig. 34 repre- ^'^ 

sents the form of the ear trumpet generally used by 
deaf persons. The aperture A is placed within the ear, 
and the sound whicn enters at B is, by a series of 
reflections from the interior of the instrument, concen- 
trated at A. 

804: Why do persons hold the hand concave behind (he ear^ in order to 
hear more distinctly f 

Because the concave hand acts in some respects as 
an ear trvrnpet^ and reflects the sound into the ear. 
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S06 Why does wwndaeem louder in a ekurcki^ 

Because the sides of the building confine the soundr 
wayeSy and prevent their spreading ; in consequence of 
which their strength is greatly increased. 

80e Bow em tncst nf ibe stories in respect to the so-caXled "hauttied 
houses" le evpUmedf 

By reference to the principles which govern the 
reflection of sounds. Owing to a peculiar arrangement 
of reflecting walls and partitions, sounds produced \yy 
ordinary causes are often heard m certain localities at 
remote distances, m apparently the most unaccountable 
manner. Ignorant persons become alarmed, and their 
imagination connects the phenomenon with some super- 
natival cause* 
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What Is heat and heat matter f 

PART V. 

HEAT. 



CHAPTER I. 



NATUBE AND ORIGIN' OF HEAT. 
S07 Whaiisheatf 

In ordinary language the term heat expresses the 
sensation of warmth which we experience when any 
portion of our body comes in contact with a substance 
which is warmer than itself? 

808 DoweredBy know foh(U heat is f 

"We do not; we only know and study the effects 
iirhich it produces on matter. 

80e 7b what came have different ph%to9ophen attributed (he phenomenon 
of heat f 

Some have supposed the phenomenon of heat to be 
merely a species (^motion among the minnte particles 
of bodies generally, as sound is motion of another kind 
among tiie same particles ; others have supposed that 
heat arises from the presence of a pecultar fl/md or 
ethereal Jci/nd ofmaUer. 

810 Is it generaUy believed at (he present Hme that heat is a materiai 
svibsicmcef 

It was believed formerly that heat was a kind of 
matter ; but now it is generally considered that heat 
has no material existence. 

811 What great fad is opposed to the idea that heat has a separate 
materiai existence as a fluid f 

The fact that nature nowhere presents us, neither has 
art ever succeeded in showing ns, heat alone in a sepa- 
rate stat^. 
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Heat has no weight How beat is measnred. What is eold f 

8X9 JBds heed any perceptible weight f 

No ; if we balance a quantity of ice in a delicate 
scale, and then leave it to melt, the equilibrium will 
not be in the slightest degree disturbed. If we substi- 
tute for the ice boiling water or a red-hot iron, and leave 
this to cool, there wiU be no difference in the result. 

813 WhoA imporUmt property disHnguisTies JiecU from aU other agents 
or substances in nature f . 

The property of passing thrcmgli and eodsting in all 
hmds qf matter at aU times; heat is everywhere jpresent^ 
and every body that exists contains it without known 
limit. 

814 Edsiceheatf 

Yes, large quantities of it. Sir Humphrey Davy, by 
friction, extracted heat from two pieces of ice, and 
quickly melted them, in a room cooled below the freez- 
ing point, by rubbing them against each other. 

816 How do we measure the quantity ofheai in different bodies, or judge 
of its effects f 

Only by the cham^e in hulk or appearance which 
different bodies assume, according as neat is added or 
subtracted. 

81B According to what law does heai diffuse or spread itself f 

Heat diffuses or spreads itself among neighboring 

bodies until aU have acquired the earns temperature ; 

that is to say, until all will similarly affect the thermo" 

meter. 

817 Why does a piece of iron thrust into burning coals become hot 
among ihemf 

Because the heat passes from the coals into the iron 

until the metal has acquired an equal temperature. 

818 What is cold t 

Cold is a relative term expressing only the absence 
qf heat in a degree ; not its total absence, for heat 
exists always in all bodies. 

819 When ihe hand touches a body having a higher temperatwre than 
iiself why do we caU it hoi f 

Because on account of the law that heat diffuses 



J 
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itself among neighboring bodies until all have acquired 
the same temperature, neat passes from the body of 
higher temperature to the hand, and causes a peculiar 
sensation, which we call vxwTnik. 

When we touch a body having a temperature lower 
ihcm, thdt of the Jumd^ heat, in accordance with the above 
law, passes out from the hand to the body touched, and 
occasions the sensation which we call cold. 

881 Whai^ ihefn^ redOy are (he aensationa of TiecU and cold t 

Merely degrees of ternmroitwre^ contrasted by name 
in reference to the peculiar temperature of the indivi- 
dual speaking of them. 

8S8 WhmiaalodyscMtoleiiicouttdeace^ 

When the body naturally mcapable of emitting light 
ig heated to sufficient extent to become IwmMKma. 

883 Whatisjfamef 

A Iwmmovs vapor issuing from a burning body. 

384 What ia fire f 

The appearance of heat cmd Ught m conJimcHonj 
produced by the combustion of inflammable substances. 

886 W7i4Xt character was attributed to fire by the ancient phUosophera t 

They used the term ^e as a characteristic of the 
matter of heat, and regarded it as one of the /our de- 
ments ofnaimre. 

886 Enumerate the general physical properties of heoL 

It is imnsible^ without weighty elastic^ with great ten- 
dency to eospcmdj and is absorbed by all bodies. 

387 What are the princvpal effects of heal f 
JEsffpoffision^ liquefaxMon^ vaporizoMon^ and igmtion, 
883 What do we tmderstand by (he term caHoricf 

Caloric is the name given to the agent which pro- 
duces the sensation of warmth ; but hec^ is the sensa- 
tion itself, 

880 ijrca&>rfe0giia%(2i8^n&tf^otMr ^^jo&ef 

No ; at the equator the woerage temperabwre is 82^** 
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while at the j^oUa it is believed to be about 13° below 
zero. 

" Average temperature'^ — ^that is, the mean or medium temperatura 
"Zero" — ^the point from which a thermometer is graduated; it is 32* 
below freezing, Fahrenheit's thermometer. 

830 Bow many sources ofTiecU are recognised to exist f 

Six. 

831 Whaiareiheyf 

1. The Sim: 2. The interior of the eoHh; 3. Electri" 
diy ; 4. Vitat action; 6. MecKanioai action; 6. Che- 
nmcal action. 



CHAPTEK IL 



THE SUN A 8OUK0E OF HEAT. 



833 What is the great natwai source of heat f 

The sun. 

833 Why do burning-glasses set fire to substances submitted to their 
power f 

Because, when the rays of the sun 

pass thrau/gh the buming-fflass, they 

are bent towards (me povnt^ called 

the^ " focus ;" in consequence of 

which the light and heat at this 

Kg. 85. jpoiM are very,greatly increased. 

Mg. 85 represents the manner in which a burning-glass concentrates 
or bends down the rays of heat until they meet in a focus. 

834 Do the rays of the sun ever set fire to natural svbstances withmU 
the assistance of a burning-glass f 

Ifo ; the rays of the sun, even in the torrid zone, are 
never hot enough to kindle natural substances, unless 
concentrated by a hv/rnvng-glass. 

836 Does the heat of (he sun possess any different properties from arti- 
fickUhfiatf 
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The heat of the sun passes readily through glasSj 
whereas this property is possessed by artificial heat in 
a very smaU mgree, 

886 What is tlie generally received opinion ai present, in regard to (he 
actuai temperature of the visible surfoLce of the sun f 

That the temperature of its luminous coating is much 
more elevated than any artificial heat wo are able to 
produce. 

887 "Why is the Heat of the sun always greakr in some portions of the 
earth than at others f 

Owing to the position of the ea/rtKs aans^ the rays of 
the sun always fall more directly upon the central por- 
tion of the earth than they do at the poles or extremities. 

888 Upon whai does the succession of springy summer^ auktmnj and 
winter J and the variations of temperature of the seasons^ depend f 

Chiefly upon the jposition of the sun in relation to the 
earth. 

888 When do we ey^perience the greatest arnount of heat from the ray$ 
of the sun f 

When its rays fall most perpendicularly. 

840 Why is the heat of the sun greatest at noon f 

Because for the day the sun has reached the highest 
point in the heavens, and its rays fall m^ore perperSlicvr 
early than at any other time. 

84:1 Why is it warmer in stm.mer than in winter t 
Because in summer the position of the sun is such 
that its raysfaU more perpendiculaHv than at any other 
season. Tlie sun is longer above the horizon in summer 
than in winter, and consequently imparts the greatest 
amount of heat. 

842 Why is ft colder in winter than in summer f 

Because in winter the position of the sun is such that 
its rays fall more ohliquely upon the earth than at any 
other season. The sun is also for a less time above the 
horizon in winter than in summer, and consequently 
imparts less heat 

843 Upon what does the heating power of the sun depend in a great 
measuref 
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Upon ita- altitude or height above the horizon ^ the 
greater its altitude, the more perpendicularly will its 
rays fall upon the earth, and the greater their heating 
efltect ; the less the altitude, the more obliquely will its 
rays fall, and the less their heating effect. 

844 Why sTumld the difference in the inclination of the sun^s rays/aU- 
ing upon the earth occasion a differ erucA in iheir heating ^ect f 

Because the more the ravs are inclined, the larger 
the space over which they mil. 

Let us sappose A B C D, I^. Sfi, 
to represent a portion of the sun's 
rays; and C D a portion of the 
earth's sur&oe upon which the rays 
fall perpendicularly, and C F and 
C E portions of the sur&u^e upon 
which they fall obliquely. Now, 
Yig, se. it is obvious that the surfaces C F 

and C E are grater than the 
Burfaoe C "D ; and as the same amount of rajrs of light and heat &U upon 
all the surfaces, it is clear that they will fall more densely upon the 
smaller surface {i.e, that it will be warmer there) and more diffusely 
over the inclined or oblique sur&ce (where it will be colder). 

84G What is (he greatest natwral heat ever dbservedf 

On the west coast of Africa the thermometer (Fah- 
renheit) has been observed as high as 108** in the 
shade J Burckhardt, in Egypt^ and Humboldt, in Soii4h 
America, observed it at 117° F. ; and, in 1819, at Bag- 
dad, the thermometer rose to 120° F. in the shade. 

846 What is the lowest atmospheric temperature ever observed f 
From 60° to Y0° below the zero of Fahrenheit's ther- 
mometer. This temperature has been observed by Dr. 
Kane and other Arctic navigators. 

847 What is the greatest artificial cold ever produced f 

166° below seroy which temperature was attained by 
Prof. Faraday. At this temperature, pure alcohol and 
ether did not freeze. 

848 What is the estimated temperature of the space above the earOCt 
aJtmosphere f 

58° helow zero. 
84e At what temperature does mmrwyfreeBe f 
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38°-6 below zero. 

860 At whai iemperaiure does freak loaier freegef 
At 32° above zero. 

861 At what iemperaiure does eaU or sea foaierfreem t 

At 28°*6 above zero. 

869 Why does it require a greater amount ofeoUd to cause sea water is 

congeal, than it does fresh water f 

Because sea water contains salt and other Bubstancea 
which tend to prevent congelation. 

863 What is (he average lemperaiure at (he equaiarf 

In America^ 81°"5 ; in Africa^ 83°. 

864 WhaJtislik)odrhaoAiOrihieviUaiefmpeTaM^ 
98°. 

866 At what temperakure does akohoi Mlf 

Under the ordinary atmospheric pressure at 173°'5. 

866 At whaJL temperatuire does vMter hoUt 

Under the ordinary atmospheric pressure at 212^ 

867 At whaJt UfmperaJinire does leadmdtf 
At 594°. 

868 At what heat does mercury hoUt 

At 661° under the common atmospheric pressure. 

868 At what Umfperaiufre do brass, copper, silver, and gold meUf 

Brass at 1869° ; copp^y 1996* ; silvery 1873° ; goldy 



860 At what temperature does cast-iron mdtf 

At 2786°. 

861 What is the greatest degree of artificial heat wUch we ham been 
enabled to measure f 

A furnace heat of 3280° : at this heat wrought iron 
and platiniun did not melt. 
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CHAPTER III. 

OTHEB 8OUB0ES OF HEAT BESIDES THE BUK. 

8053 ffow far Mow the surface of ike earih does ^ infkumce of solair 
TiecU eoctendf 

The depth varies from 50 to 100 feet ; never, how- 
ever, exceeding the latter distance. 

863 Sow do we hww ihat (he earih is a source ofheai f 

Because we find as we descend into the earth and 
pass beyond the limit of solar heat, that the tmuperijr 
i/wi*e constantly increases. 

864 At what rate does the temperaJtu/re inarease f 

About one degree of the thermometer for efoery fifty 

feet. 

866 Supposing the ieTnperatufl'e to continue to increase according io ihia 
ratio, what would be its effects ai different depths f 

At the depth of two miles water would be converted 
into steam; at four miles^ tin would be melted; at 
five miles J lead; and at thirty miles^ almost every 
earthy substance would be reduced to a fluid state. 

866 7h whfU cause may earthquakes ojnd volcanoes be attributed t 

Undoubtedly to tlie agency of the internal heat qf 
the earth, 

867 What effect has the internal heaJt of (he earih on Ike temperature 
of (he surface f 

No sensible effect: it has been calculated that it 
aflfects the temperature of the surface less than 3V of a 
degree of the tnermometer. 

868 TT/iy, if so great an amouni of heat exist in (he interior of (he 
earth, does it not appear more manifest upon (he surface f 

Because the materials of which the exterior strata or 
crust of the earth is composed, do not conduct it to the 
surface from the interior. 

868 In whai mannxr is ekctridty a source of heat f 

When an electric current passes from one substance 
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to another, the substance which serves to conduct it is 
veiy frequently heated ; but in what manner the heat 
is produced, we have no positive information. 

870 Edw great a degree ofheai is ekcbricUy capable ofgeneraiing t 

The greatest known heat with which 'we are acquaint- 
ed, is produced by the agency of the electric or cal- 
vanic current. All known substances can be meltea or 
volatilized by it. 

871 Has ike heai generaied by dectricUy been employed for any prac- 
tical or economicai purposes f 

Not to amy great extent j but for philosophical experi- 
ments and investigations it has been made quite useful. 

8VS Whai is chemical a/Aion f 

"We apply the term chemical action to those opera- 
tions, whatever they may be, by which the weigJvt^form^ 
solidity^ colovj taste^ smelly and action of substances 
become changed ; so that new bodies with quite different 
properties are formed from the old. 

873 Sow does chemical action become a source of heat f 

Many bodies, when their originfd constitution is 
altered, either by the abstraction of some of their com- 
ponent parts, or by the addition of other substances not 
before in combination with them, evohe heat while the 
change is taking place. 

Q*7<k. ExpUjin by illustration what you mean. 

"Water is cold, and sulphuric acid is cold ; but if these 
two cold liquids be mixed together, they will produce 
intense heat, 

876 Why does cold water poured on lime make it intensely hot t 
Because heat is evolved by the chemical action which 
takes place when the cold water combines with the lime. 

Heat is always evolved when a fluid is converted into a solid fonn. 
Heat is always absorbed when a solid is changed into a liqitid state. As 
the water is changed fix)m its liquid form when it is taken up by the lime, 
therefore heat is given off. 

878 WJiere does the heat come from f 

It was in the water and lime before, but was in a 
latent state. 
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877 Was (here heat in the cold toater and lime before they were miaced 
together f 

Yes. AU bodies contain Heat 

878 Is there heai even in ice f 

Yes ; but it is latent {i,e, not perceptible to onr 
senses). 
iMteni^ from the Latin word hieo (to lie hid). 
870 Does cold iron contain heai f 

Yes; everythmg contains heat; but when a thing 
/eels cold, its heat is latent. 

880 What is meant by lateni heat f 

Heat not percept^le to our feelings. When anything 
contains heat wiuioutf eeli/ng the hotter for it, that heat 
is called " latent heat. 

B8X Does cold iron contain latent heai t 

Yes ; and when a blacksmith com^esses the particles 
of iron by his hammer, he brings out latent heat ; and 
this makes the iron red hot. 

8823 Why is the air in the spring^ when the ice and snow are melting^ 
always very chdUy and cold f 

Solid bodies, in passing to the liquid state, absorb heat 
in large quantities ; when ice and snow are thawing, 
they absorb heat from the air, in consequence of which 
its temperature is greatly reduced. 

883 Why does (he weather always moderate on the faU of snow f 

Bodies, in passing from the liquid to the solid state, 
ffive out heat j snow is frozen water, and in its forma- 
tion heat is imparted to the atmosphere, and its tem- 
perature increased. 

884i Why does ths U/mp&raiwre ofm^eliing ice and snow neioer eooceed 
32° f 

Because all the heat imparted to melting ice and 
snow iecomes insensible, until the liquefaction is com- 
plete. 

885 Can we be made to feel the "heat of ice or snow f 

Yes. Into a pint of snow put half as much salt / 
then plunge your hands into the liquid ; and it will feel 
so intensely cold that the snow itself will seem warm in 
comparison to it. 
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886 Are saU andmicw redUy colder than snow f 

Yes, many degrees ; and by dipping your hand into 
the mixture /?r«^, and into snow afterwards^ the snow 
will seem to be comparatively warm. 

887 TfAy do saU and snow nUaed together produce intense cold f 

The salt and snow are both solids, wliich, on being 
mixed, the salt causes the snow to melt by reason of its 
attraction Jbr water ^ and the water formed dissolves 
the salt : so that both pass from the solid to the liquid 
condition, and a large quantity of heat is absorbed. 
This heat, being denved from that which previously 
existed in the solids themselves in a sensible state, 
causes the temperature necessarily to falL 

888 Sow is heai produced by mecfumical action f 

1. By percussion; 2. By friction; and 3. By con- 
densation. 

880 Wh(xt is meoM by percussion f 

The shock produced by the collision of two bodies ; 
aa when a blacksmith strikes a piece of iron on his 
anvil with his hammer. 

800 Why does striking iron make Uredhoif 

Because it condenses thepoHMes of the metal, and 
makes the latent heat sensible, 

801 "Whai is meant by friction f 

The act of rvhhing two thmgs togetJier^ as the Indians 

rub two pieces of wood together to produce fire. 

80d How do savages produce fire by mtre^ rubbing two pieces of dry 
foood together f 

They take a piece of dry wood, sharpened to a point, 
which they rub quickly up and down Si^^ piece till a 
groove is made ; and the dust (collected in this groove) 
catches fire. 

&0& Why does the dust of the wood caichfvre by rubbing f 

Because latent heat is developed from the wood h/ 
friction, 

&&^ Do not carriage wheels sometimes caichfvre f 

Yes ; when the wheels are dry^ or ft too tightly j or 
revolve very rapidly. 
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Fiff. 87. 
Mg, 37 represente an Indian explaining the method of kindling a fire 
by the friction of two pieces of wood, 

8Q6 Why do wheds caickfire m such cases t 

Because the friction of the wheels against the axde- 
tree disturbs their Intent heat^ and produces ignition. 

8dB What is the use of greasimg ca/rt wheds f 

Grease lessens the friction / and, because there is less 
fridn/m^ the latent heat of the wheels is less disturbed. 

807 Does a hody ever cease to give out heat hyfricHonf 

JVb; however long the operation may be continued. 

eO& What condusions respeding (he natwre of heat have philosophers 
drawn from, this fad f 

That heat cannot be a material svhstaiice^ but merely 
a property of moMer, 

800 Why is it easier to produce heat from the friction of rough sur- 
faces ifian smooth ones f 

Because in the friction of rough surfaces certain par- 
ticles are rubbed off^ which, hei^fig small^ are readily con- 
densed^ and made to evolve their latent caloric. 

QOO Why^ when you rub a smooth m^etaUic surface, as a button, for 
example, against apiece of plank, does the metal become more heated than thA 
woodf 

Because the caloric is forced out of the wood^ as it 
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were, by the compression of its parts, and the button 
receives most of the caloric, owing to a stronger atti*ac- 
tioii for it, than is possessed by the wood. 

©Ol Why does a friction TnatcJij dravm over sand paper or oilier rough 
mibsiance, ignite f 

When the match is drawn over sand paper, or other 
rough substance, certain phosphoric particles are rub- 
bed off, and heing corrvpressed between the match and 
the paper, their heat is raised sufficiently high to ignite 
them, and fire the match. K the match be drawn over 
a smooth surface, the compression miist he increased^ for 
the temperature of the whole phosphoric mass must be 
raised in order to cause ignition. 

©OS What singtUar property have dU living animal bodies t 
The property of maintaining in themselves an equable 
teiTvperaturej whether surrounded by bodies that are 
hotter or colder than they arc themselves. 
©03 Illustrate this fact. 

The sailoi-s of the Arctic exploring expedition during 
the polar winter, while breathing air that froze mer- 
cuiy, still had in them the natm-al warmth of 98° Fah- 
reimeit above zero ; and the inhabitants of India, where 
the same thennoraeter sometimes stands 115° in the 
shade, have their blood at no higher temperature. 

004 Do vegetables possess in any degree Uiis property of maintaining 
a constant temperature within tJieir structure f 

Growing or fresh vegetables have this property to a 
certain extent, 

©OS What, (hen, is vital heatf 

^ The heat generated or excited by the organs of a 
li/ving structure. 

©06 Whatisihecauseof vital or animal heal f 

The cause of animal heat is not certainly known or 
determined; it is supposed to be due to chemical 
action, the result of respiration and nervous excitation. 

©07 Has ihe power of animals to preserve a peculiar temperature any 
limits f 

Yes; intense cold sttddenly coming upon a man 
7 
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who has not sufficient protection, first causes a sensation 
of pain, and then brings on an almost irresistible sleepi- 
ness, which if indulged in proves fatal. A great excess 
of heat also cannot long be sustained by the human 
system. 

©OS Does each species of animal appear to have a peculiar tempera- 
ture f 

Yes ; each species of animal and vegetable appears 
to have a temperature natural and p^ruliar to itself, 
and from this diversity different races are fitted for 
different portions of the earth's surface. 

0O9 What effect does (he pecuMa/rUy of temperatwre have 'upon the dis- 
tribution and location of animaJis and plants vpon the earth^s sv/rfacef 

The different species are confined and circumscribed 
within certain districts^ depending mainly on their re- 
lations to heat. Thus, the orange-tree and the bird of 
Paradise are confined to warm latitudes ; the pine-tree 
and the Arctic bear, to those which are colder. 

©lO What curmts fact in relation to a species of whale illustrates the 
influence of temperature in defining locations t 

It has been ascertained that at least one species of 
whale is precluded from migrating from the north to 
the south, from its inability to live in the heated waters 
of the equator. 

©11 WTien animals or plants are removed from (heir pecvXiar and 
natural districts to one entirely different^ what changes take place f 

They either cea^e to exists or change their character 
in such a way as to adapt themselves to the climate. 

©10 What curious illustrations do we find of this ? 

The wool of the northern sheep changes in the tropics 
to a species of hair. The dog of the torrid zone is 
nearly destitute of hair. £ees transported from the 
north to the region of pei'petual summer cease to lay up 
stores of honey ^ and lose in a great measure their habits 
of industry. 

©13 How has nature provided for the protection of animals against (he 
modifications of temperature f 

;^ covering their bodies with Si/orm offur^ or hair, 
or jeoith^s, in the exact degree required, and to such 
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an extent as to vary the covering in the same animal 
according to the climate and season. 

dl^ What onA species of organized beings is fitted to live in all climates t 

Man dknie is capable of living: in all climates, and of 
migrating freely to aU portions of the earth. 



CHAPTEE IV. 



HOW HEAT IS CqplMUNICATED. 
016 In whcd three ways may heai he communicaiedt 

By direct contact, by condv^ion and convection, aad 
by radiation. 

016 How may heat he communicated by contact f 

When a hot body touches a cold one, the heat passes 
directly from one into the other, as when it enters a bar 
of iron put into the fire, or the hand immersed in hot 
water. 

©IT Whefn. M lieai commxiTdcaied hy conducHon f 

When the heat Pavels from particle to particle of 
the substance, as from the end of the iron bar placed 
in the fire to that part of the bar most remote from the 
fire. 

018 When is heat communicated hy radiation t 

Wlien the heat leaps, as it were, from a hot to a cold . 
body through an appreciable interval of space, as when 
a body is warmed by placing it before a fire removed 
to a little distance from it. 

©10 In what way does a heated hody cool itself f 

Fi/rst, by giving off heat from its surface, either by 
contact or radiation, or hoth conjointly ; and, secondly y 
by the heat in its interior passing from particle to par- 
ticle by conduction through its substance to the aurface.' 
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OSO Jn what manner does a cold body become healed f 
Firsts bjr heat passing into its surface either by con- 
tact or radiation, or hjooth conjointly / and, secondly ^ 
by the heat at its surface passing from particle to par- 
ticle through its interior portions hy conduction. 

©SI Does heed pass through all bodies with the same velocity t 

No ; some substances oppose very little impediment 
to its passage, while through others it is transmitted 
slowly. 

©SJ5 Into whai two classes are bodies divided in respect to their conduce 
tion of heat t 

Into conductors and non-conductors ; the former are 
such as allow heat to pass freely through them ; the 
latter comprise those which do not give an easy paa- 
sage to it. 

G 23 Whai are (he best condtictors of Tieat t 

Dense, solid bodies, such as metals, glass, some vai-ie- 
ties of stone, etc. 

384 What are the worst conductors of heat f 

All light and jporous bodies ; such as hair, fur, wool, 
charcoal, and so on. 

326 Why do some things fed colder than others f 

Principally because they are better conductors, and 
draw off neat from our body much faster. 

326 Why does a piece of wood blazing at one end not feel Jiot at (he 
other f 

Because wood is so bad a conductor that heat does 
not traverse freely through it ; hence, though one end 
of a stick be blazing, the other end may be quite cold. 

327 Why does not metal fed more intensely warm than 7u)t wooll 

Because metal gives out a much greater quamjtity of 
heat in the same space of time : and the influx of heat 
is, consequently, more percepUole. 

328 Why does a poker, resting on a fender, feel colder than the hearth- 
rug, which is farther off frrnn the fire f 

Because the poker is an excellent conductor, and 
draws heat from the hand much r)iore rapidly than the 
^^v^ooUen hearth rug, which is a very bad conductor : 
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though both, therefore, are eqiially warm^ the poker 
seems to be the colder. 

0S9 Why does a stone or marble 'hearfhfed to the feet colder than a car- 
pet or Tiearth-rug f 

Because stone and marble are good conductors ; but 
woollen carpets and hearth-rugs are very had conduc- 
tors. 

©30 Why does the stone hearth make our feel cold f 

As soon as the hearthstone has absorbed a portion 
of heat from our feet, it instantly disposes of it, and 
calls for afresh supply ; till the hearthstone has be- 
come of the sa/me temperature as the foot placed upon it 

S31 Do not aiso the wooUen carpet and 7iear(hrTug> conduct heai from 
the human body t 

Yes ; but being veiy had conductors, they convey 
the heat away so slowly that the loss is scarcely per- 
ceptible. 

©3S Is the cold hearthstone in reality of the same temperature as (he 
warm carpet? 

Yes ; everything in the room, except our bodies, is 
really of one temperature / but some things fed colder 
than others, because they are better conductors. 

©33 Sow long wiU the hearthstone feel cold to the feet resting onitf 

Till the feet and the hearthstone are hoth of the same 

t€7nperatnire ; and then the sensation of cold in the 

hearthstone will go off. 

G34 Why wotdd not the hearthstone fed coldj when it is of the same 
temperature as our feet f 

Because the heat would no longer rush out of our 
feet mto the hearthstone^ in order to produce equi- 
librium. 

Q36 Why are cooking vessels of ten furnished with wooden handles f 

Because wood is not a good conductor like metal; 
and therefore %cooden handles prevent the heat of the 
vessel from rushing into our hands to bum them. 

03S Why do persons tbse paper or woollen Jcettle-holders t 

Becatise paper and woollen are both very had con- 
ductors of neatj in consequence of which the heat of 
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the kettle does not readily jpasa ihrougTi theTn to the 
hand. 

037 Does the heat of the "boiling ketUe never get through ike woollen or 
paper kettle-holder f 

Yes ; but though the kettle-holder became as hot as 
the kettle itself, it would never fed so hot. 

Q38 Why would not the JcetUerJiolder feel so hot as (he ketHCj when both 
are of the same temperaivre. 

Because it is a very had conductor, and disposes of 
its heat too slowly to he perceptible ; but metal (being 
an excellent conductor) disposes of its heat so quickly ^ 
that the sudden influx is painful. 

G3G When we plunge ow ha/nds into a basin of watery why does it pro- 
duce a sensation of cold f 

Because water is a hetter conductor than air ; and, as 
it draws off the heat jfrom our hands onore rapidly ^ it 
feds colder, 

G'^rO Why does the conducting power of waier make U feel colder ihan 
airf 

Because it abstracts heat from our hands so rapidly 
that we feel its loss ; but the air abstracts heat so very 
slowly that its gradual loss is harcUy perceptible. 

G41 Js water a good conductor of heat t 

No ; no liquid is a good conductor of heat ; but yet 
water is a much hetter conductor than air. 

Q^Q Why is water a better conductor of heat than air f 

Because it is more dense / and the conducting power 
of any substance depends upon its solidity^ or the close- 
ness of its particles. 

G43 Eow do you know (hat water is not a good conductor of heat t 

Because it may be made to hoU at its sfwrface^ without 
imparting sufficient heat to m^t ice a short distance 
below the surface. 

Q^4: Why are not liquors good conductors of heat f 

Because the heat (which should be transmitted) ^o- 
duces evaporation^ and JUes off in the vapor. 

G4:5 If air is not a good conductor^ how can we make use of U in 
warming ovr houses by means of stoves arid furnaces f 
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In the case of a stove or furnace, the air which is in 
contact with the fire or the heated surface, first becomes 
heated, expands, and rises ; cold air rushes in to supply 
its place, is heated, and ascends in like manner, and 
this interchange goes on until all the air in the room is 
heated. 

O^^S If air be a had conductor of TiecUj why shotdd toe not feel as toarm 
wiihoui clothing as when we ore lorapped in wool and fur f 

Because the air (which is cooler than our body) is 

never at rest: and every fresh particle of air draws off 

a fresh jportum ofhecut. 

B^7 Rem does (he ceaseless change of air te/nd to decrease (he warmth 
of that part of the body devoid of dothing t 

Thus : the air (which cases the body) absorbs as 
much heat as it can while it remains in contact ; beinff 
then blown away, it makes room for a Jresh coat oj 
air^ which absorbs more heat. 

©48 Does the air which encases a body devoid ofdoOUng become (by 
contact) as warm as (he body itself f 

It would do so if it remained motionless; but as it 
remains only a very sh/yrt Um^^ it absorbs as much heat 
as it can in the time, and passes on. 

049 Why do we fed colder in windy weather (han in a c(dm day f 

Because the particles of air ^055 over vs more rofpidly^ 
and evQYj fresh particle takes from us some portion of 
heat. 

Q50 Why are woollens and furs used for clothing in cold weaHherf 

Because they are very had conckbctors of heat ; and 
ikQiQioTQ prevent the warmth of the hody from hemg 
drawn off by the cold air. 

©51 Do not wooUens and furs actually impart heai to (he body f 

No ; they merely ^^^71^ the heat of the hody from 
escaping. 

©58 WTiere woiM (he heai escape tOj if (he body were not wrapped t» 
wool or fur f 

The heat of the body would fly off into the air ; for 
the cold air (coming in contact with our body) would 
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gradudO/y d/raw away its hea/t^ till it was as cold as the 
air itself. 

Q63 What, therij is the principal use ofcloiJiing in mnier-iime t 

1. To prevent the animal heat fi-om escaping too 
freely; and 

2. To protect the body from theeidemal air (or wind), 
which would carry away its heat too rapidly. 

G54 Why are wool, fur, Mir, and feathers such slow conductors ofTieaif 

Because a areat quantity^ of air lurks entangled 
between the fiores ; and air is a very had conductor of 
heat. 

The warmest clothing is that which fits the body rather loosely, because 
more hot air will be confined by a moderately hose garment than by oiid 
which fits the body iighUy. 

\ G65 How are whaks,seal8, and other warmrblooded 'animals thai live in 
Ihe waier protected against the coldt 

They are enveloped, beneath the skin, with a thick 
coating of " ihibher^^ or faty which, like fur, hair, and 
feathers, is a non-conductor of heat, and serves to pro- 
tect tliem in like manner. 

G£SS Why are blankets and wann woollen goods always made wiQi a 
nap or projection offQyres on the outside t 

Because the nap or Jlires retain air among them, 
which, fipom its non-conducting properties, serves to 
increase the warmth of the material. 

G67 Sow does the covering of hair, wool, and feathers serve to keep ani- 
mals cod in hot weather, as well as warm in cool wealhert 

In warm weather the n/m-condit<>^mg medmrn will 
not allow the heat to enter the hody from without: in 
cold weather the heat of the body ca/n/not esca/pe jrom 
within. 

S68 Why do we wrap up ice in flannel to keep it from melting t 
Because the flannel, being a nonrConducUyr^ does not 
allow the heat of the atmosphere to penetrate to tiie ice. 

GC0 In ihe construction of icehouses, why do we line the waUs and roof 
with straw or sawdust t 

Because these substances are bad conductors of heat. 

Geo Why is it good economy to furnish our hoiAses in winter wWt, dcmdie 
windows f 
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Linen cooler than cotton. Inflaence of heat on the soil. 

The air confined between the two surfaces of glass is 
a non-conductor of heat, and equally opposes the escape 
of warm air from within, or the penetration of cold air 
from without. 

661 Why does a linen garment feel colder than a cotton onef 
Because linen is a m/uch letter conductor ihsm cotton; 
and therefore (as soon as it touches the body) it draws 
away the heat more ra^pidlyy and produces a greater 
sensation of cold. 

06J3 Why is the face cooled by wiping the temples with a fine cambric 
handkerchieff 

Because the fine fibres of the cambric have a strong 
capillary attraction for moisture^ and are excellent con- 
ductars of heat ; in consequence of which the moisture 
and heat are abstracted from the face by the cambric, 
and a sensation of coolness produced. 

063 Why would not a cotton houndkerchief do as weRt 

Because the coarse fibres of cotton have less capillary 
attraction, and are very had conductors : in conse- 
quence of which the heat of the face would be increased 
father than diminished^ by the use of a cotton hand- 
kerchief. 

©64 Is the soil a good conductor of heai t 

No ; it is a very had conductor of heat. 

0SS Why is the soil a bad conductor of heat t 

Because its particles are not continuous ; and the 
power of conducting heat depends upon the density of 
matter. 

©66 Why is the soil (hehw the surfa/x) warmer in winter than the sur- 
face itself t 

Because it is a had conductor of heat ; and therefore 
(although the ground be frozen) the frost rarely pene- 
trates more than a few inches helow the surfa^^e. 

©67 Why is the soil (below the surface) cooler in summer than the sur- 
face itself f 

Because it is a had conductor of heat ; and therefore 
(although the surfojce he scorched with the burning sun) 

7* 
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GoolnesB of spriog water. Snow protects the soil from cold. 



the intense heat cannot penetrate to the roots of the 

plants and trees. 

GS8 Show the wisdom of the Creator in making the soil a had C4m- 
ducior. 

K the heat and cold could penetrate the soil deeply 
(as freely as the heat of a fire penetrates iron), the 
springs would be dried up in summer and frozen in 
winter ; and all vegetation would perish. 

©es Why is waierfrom a spring always cool, even in summj&r t 

Because the soil is so had a conductor^ that the burn- 
ing rays of the sun can penetrate only a few inches below 
the surface ; in consequence of which the springs of 
water a/re not affected by the heat of summer. 

070 How does the nonrconduding power of snow protect vegetables from 
ike frost and cold f 

It prevents the heat of the soil from being drawn off 
by the cold air which rests upon it. 

071 Why is snow a non-conductor of heai f 

Principally because it contains a large quantity of 
air between its particles. 

07S Why is it cool under a shady tree in a Jwt summer's day t 

1. Because the overhanging foKage sor^eens off the 
rays of the sun ; 

2. As the rays of the sun are warded off, the c\r 
(beneath the tree) is not heated by the reflection of the 
soil; and 

3. The leaves of the trees, being nmi-conductors^ 
allow no heat to penetrate them. 

073 Why does a metai spoon (left in a kettle) retard the process of 
boiling t 

Because the metal spoon (being an excellent con- 
ductor) carries off the heat from the water ^ and (as 
heat is carried off by the spoon) the water takes a 
longer time to boil. 

074 Why does paint preserve wood f 

1. Because it covers the surface of the wood, and 
prevents both air and damp from penetrating into the 
pores ; 
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Oefl&rs, why wann In winter and cool In Bommer. 

2. Because paint (especially wliite paint), being a 
had conductor^ preserves the wood of a more uniform 
temperature; and 

3. Because it fills up the pores of the wood, and pre- 
vents insects and vermin from harboring therein and 
eating up the fibre. 

©75 Why are fumacea and stoves {toheire much heat is required) buiU 
of porous Jyridcs t 

Because bricks are bad conductors^ and prevent the 
escape of heat ; in conse(juence of which they are em- 
ployed where great heat is required. 

076 Why do cellars feet warm in fvinter f 

Because the external air has not free access into them ; 
in consequence of which they remain almost at an even 
temperature^ which (in winter-time) is about 10 degrees 
warmer than the external air. 

©77 Why do cellars feel cold in summer f 

Because the external air has not free access into them ; 
in consequence of which they remain almost at an even 
temperature, which (in summer-time) is about 10 de- 
grees colder than the external air. ». 

©78 Why do the Laplanders wear sJdns with the fur inwards? 

Because the dry skin prevents the wind from pene- 
trating to their body ; and the air (between the nairs 
of the fur) soon becomes heated hf the hody / in conse- 
quence of which the Laplander in his far is clad in a 
case of hot air, impervious to tlie cold and mnd. 

070 Jn wliat reject is hark espeddUy adapted as a covering for trees 
a/nd shrubs f 

Bark is composed of matter which is very slowly per- 
meable iy heat, and, like hair and fur in aninc^s, is es- 
pecially adapted for securing the temperature necessary 
to vegetable Ufe. 

©80 Whai is the temperature of tJie sap of healthy trees during (he 
sumTner f 

It is several degrees below that of the surrounding at- 
mosphere. 

081 WJujU is the ieniperalure of the sap of a liealOiy tree in the winter f 
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Temperature of trees. Flaimels and ftirs not really warm. 

Several degrees above that of the Burrounding atmo- 
Bphere. 

088 What occasions (his difference between fke temperature of (he sap 
of a tree and the temperaiwe of Sie aurrounding atmosphere f 

The vital a^stion of the tree. 

It is also a noticeable &ct that sap drawn from a tree will freeze at the 
same temperature as water, while the sap circulating in the tree, under 
the influence of vital agency, will not freeze until reduced severdeen degrees 
below the freezing-point of water. 

G83 Why in a frozen pond or lake is (he ice ahoays (hinner, and often 
enUreiy wanting, in those parts where springs exist upon (he bottom f 

Because the spring water, coming firom a point in 
the earth below the influence of the frosts, is elevated 
in temperature, and by iiTvparting its heat prevents an 
accumulation of ice upon the surface above. 

©84 Is there in reality any positive wanrUh in the materials of cloth- 
ing f 

No ; but we consider clothing warm or cool accord- 
ing as it impedes or facilitates me passage of heat to or 
from the surface of our bodies. The thick cloak which 
guards a Spaniard against the cold of winter is also in 
summer used by him as a protection against the direct 
rays of the sun ; arid, while in temperate climates flan- 
nel is the warmest article of dress, we cannot at the 
Bame time preserve ice more effectually than by inclos- 
ing it in its softest folds. 

G86 Does fine or coarse wooUen dodi make the wannest clothing t 
TiiQ^ner the cloth, the more slowly it conducts heat. 
Fine cloths, therefore, are warmer tiian coarse ones. 
386 Js sUk a good conductor of heat f 

No ; it is a bad condicctor of heat. Spun silk allows 
the heat of the body to pass off more quickly than wool ; 
but raw silk confines it more than wool. 

©87 7%e sheets of a bed fed cold and (he blankets warm : is (here any 
difference in (he respective temperature of (hese articles f 

No ; the temperature of both the sheets and the blan- 
kets is always exacUy the sarnie. 

Q88 Why, then, does one fed colder (han (he other f 

Sheets feel colder than the blankets because they are 
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Coolnesfl and warmth of the air. Condnction of he&t 

"bettefp conductors of heai^ and cany off the heat more 
rapidly from the body ; but when by the continuance 
of the body between them they acquire the same tem- 
perature, they will then feel even warmer than the 
blankets. 

QS© In the summer a still, calm atmosphere feels warm, hui if a wind 
arises^ the saw/e atmosphere feds cold : has there been any real change oftemr 
perature f 

No ; for a thermometer suspended under shelter and 
in a calm place will indicate tlie sam£ temperature as a 
thermometer on which the wind blows. 

eOO Why do we ihen consider ihat the air has grown colder f 

Because the air in motion by the wind conducts off 
the heat from our bodies faster than the same air at 
rest. 

dOl Whal is mea/ni by the convection of heat t 

Heat communicated by being carried to another 
thing or place ; as the hot water resting on the bottom 
of a kettle carries heat to the water through which it 
ascends. 

GOQ Are liquids good condtictors of heal f 

No; liquids are bad conductors; and are therefore 
made hot by convection. 

d03 Why are liquids bad conductors of heat f 

This peculiarity is referable to the mobiUty which 
subsists among the particles of aU fluids, ana to the 
change of size which is invariably produced by a 
change in temperature. 

The constituent particles of solid bodies being incapable of changing 
their material position and arrangement, the heat can only pass through 
them, from particle to particle, by a slow process ; but when the particles 
ibrming any stratum of liquid are heated, their mass, expanding, becomes 
lighter, bulk for bulk, than the colder stratum immediately above it, and 
ascends, allowing the superior strata to descend. 

©©4 Explain how water is made 7wt 

When the heat enters at the bottom of a vessel con- 
taining water, a double set of currents is immediately 
establiBhed, — one of hot psurticles rising towards the 
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Hov liquids are made hot 



Why water 1b agitated when boiling. 




surface^ and the other of colder particles 
desoendma to the hottom. The portion of 
liquid which receives heat from below is 
thus continually mixed through the other 
parts, and the neat is diflfused by the mo- 
tion of the particles among each other. 

Thofiie currents take place so rapidly, that if a thermo- 
meter be placed at the bottom and another at the top 
of a long jar, the fire being applied below, the upper one 
will begin to nse almost as soon as the lower one. The 
movement of the particles of water in boiling will be 
Pig. 38. understood by reference to Mg, 38. 

©9S WTuji common eocperimerU proves thai water is a had conductor of 
heaif 

When a blacksmith immerses his red-hot iron in a 
tank of water, the water which smTounds the iron is 
made hoUmg hot^ while the water Twt immediately in 
contact with it remains quite cold. 

If a tube nearly filled with water is 
held over a spirit lamp, as in Fig. 39, in 
such a manner as to direct the flame 
against the upper layers of the water, 
the water will be observed to boil at the 
top, but remain cool below. If quicksil- 
ver, on the contrary, be so treated, its 
lower layers will speedily become heated. 
The particles of mercury wiU communi- 
cate the heat to each other, but the particles of water will not do so. 

©0B Why is water in such conlinual ferment when it is hoUing f 

This commotion is mainly produced by the asce^id- 

ing and descending currents of hot and cold water. 

The escape of skam fi-ora the water contributes also to increase this 
agitation. 

&&7 Eow do these two currents pass each other t 

The hot ascending current rises up through the centre 
of the mass of water ; while the cold descending cur- 
rents pass down by the metal sides of the kettle. 

OG8 Why is heat applied to the boitomj and not to the top of Hie keiile t 
Because the heated water always ascend-s to the sur- 
face^ heating the water through which it passes; if, 
therefore, heat were applied to the ^ of a vessel, the 
Vater helow the surface would never be Jieated. 
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How to cool Uqnlds. Boiling point of Uqnids. 

©D© As ihe lower pari of a grate is made red hot by the fire dbove, why 
would not ihe water boil if fire were applied to ihe top of a kettle f 

The iron of a grate is an excellent conductor ; if, 
therefore, one part be heated, the heat is conducted to 
every other part ; but water is a very bad conductor^ 
and will not diffuse heat in a similar way. 

1000 If you wish to cool liquids^ where should the cold be applied f 

To the top of the liquid: because the cold portions 
. will always descend^ and allow the warmer part to come 
in contact with the cooling substance. 

1001 Does boiling waier get hotter by being kepi on ihe fire t 

No ; not if the steam be suffered to escape. 

lOOd Why does not boiling waier get hotter if Ihe steam be suffered to 
escape t 

Because the water is converted into stea/m as fast as 
it boils; and the steam carries away the additional 
heat. 

1003 What is ebuaUionf 

When a liquid substance is heated sufficiently to 
form steam, the production of vapor takes place princi- 
palljr at that part where the heat enters ; and when the 
heating takes place not from above, but from the bot- 
tom and sides, the steam as it is produced rises in bub- 
bles through the liquid, and produces the phenomenon 
of boihng or ebullition. 

lOO^ What do we mean by the boiling point of a liquid f 

The tem/peratwre at which vapor rises with sufficient 
freedom to cause the phenomenon oi ebullition is called 
the boiling point. 

3.006 Bo aU liquids boil at ihe same temperature f 

No ; the boiling point occurs in different liquids at 
very different temperatures. 

1006 Why does milk boU over more readily than waier f 

Because the bubbles of milk, produced by the pro- 
cess of boiling, are more tenacio%is than the bubbles of 
water ; and iSese bubbles, accumulating and climbing 
one above another, soon overtop the rim of the saucepan 
and nin over. 

1007 Why does water simmer before it boils? 
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SimmeriDg. Why a kettle sometimes boils over. 

Because the particles of water near the hottom of the 
kettle (being formed into steam sooner than jfche rest) 
shoot upwards^ but are condensed again (as they rise) 
hy the colder water^ and produce what is called " sim- 
mering." 

1008 What is meant by simmering f 

A gentle tremor or undvlation on the surface of the 
water. When water sim/mers^ the bubbles collapse 
icneath the surface^ and the steam is condensed to water 
again / but wnen water hoils^ the bubbles rise to the 
surface^ and the steam is thrown of. 

1009 "Why does hoUing water swell f 

Because it is expanded hy the heat; that is, the heat 
of the fire drives the particles of water farther apart 
from each other, and (as they are not pa/iked so closely 
together) they take up more room; in other words, the 
water swells. 

1010 Why does hoUing water Jmbhh f 

Because the vapor (rising through the water) is 
diffused, and forces up bubbles in its efibrt to escape. 
All the air of water is expelled at the commencement of its boiling. 

1011 Why does a kettle sometimes loil over f 

Because the water is expanded hy lieat / if, therefore, 
a kettle is JiUed with cold water, some of it must 7^n 
over as soon as it is expanded hy heat. 

lOlS Bvi I have seen a ketUe boU over^ oMhough it has not been fiUed 
full of water : how do you account for that? 

K a fire be very fierce, the air and vapor are expelled 
so rapidly, that tne hvhhles are very mtmerous, and 
(towering one above ano&er) reach the top of the hetUe, 
2xAfaU over. 

1013 Why is a pot (which was full to overflowing while the ivaier was 
boiling hot) noifuU after it has been taken off Hie fire for a shoi't time f 

Because (while the water is hoiling) it is expanded 
by the heat, and fills the pot even to overflowing ; but 
when it becomes cool, it contracts again, and occupies a 
much less space. 

1014: WJien steam pours o^d from the spout of a kettle, the stream 
begins apparently half an inch off ifui spout: why does it not begin dose to 
Hie spout f 
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Steam Is InTlslble. Liquids l)eoome no hotter after boiling. 

Steam is reallv invisible ; and the half inch (between 
the spout and tne " strea/m, of misf^) is the real steamy 
before it has been condensed by air. 

1015 Why is not aU (he steam invisible as well as that half inch f 

Because the invisible particles are condensed hy the 
cold aivy and, rolling one into another, look like a thick 
mist. 

1016 What becomes of the steam^ for it soon vanishes f 

After it has been condensed into mist, it is dissolved 
hy the aiTy and dispersed abroad as inmsihle vapor. 

101*7 And what becomes of the invisible vapor ? 

Being lighter than air, it ascends to the upper regions 
of the atmosphere, where (being again condensed) it con- 
tributes to form clouds. 

lOlS Why cb sugar, saJi, &c., retard the progress of boiling f 

Because they increase the density of water; and 
whatever increases the density of a fluid retards its 
boiling. 

1019 Why can liquids impart no additional heat after they boil f 
Because all additional heat is spent in 7iiah{ng steam. 
Hence water will not boil a vessel of water immei-sed in 
it, because it cannot impart to it 212'' of heat; but 
Jmne will, because it can impart ^noi'e than 212° of heat 
before it is itself converted into steam. 



Ether . . boils at 100 degrees 
Alcohol . . " 173i '- 
Water ..." 213 *< 
Water, with one-fifth sali^ 
boUsat 219 " 



Syrup . . boils at 221 degrees. 
Oil of turpentine 314 " 
Sulphuric acid 472 " 
Linseed oil " 640 " 
Mercury . . " 656 



Any liquid which boils at a hioer degree, can be made to boil if im- 
mersed in a liquid which boils at a higher degree. Thus a cup of ether 
can be made to boil in a vessel of water ; a cup of water, in a vessel of 
brine or syrup ; but a cup of water will not boil if immersed in ether, nor 
a cup of syrup in water. 

1.020 Is the boiling point of the same liquid always constant ? 

Yes, under the same conditions / but it is liable to be 
affected by various circumstances. 

lOSl Whxit cause has a powerful influence in regulating the boiUng 
point of liquids f 

The pressure qf the atmosphere : if the pressure be 
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Inflnence of atmospheric pressure on the bolllDg point. How air is heated. 

less than usual, then the boiling point of water and all 
other liquids will be lower than usual ; if the pressure 
increases, and the barometer rises, the temperature of 
ebuUition^will be proportionably increased. 

loss If/the atmospheric pressure &e entirely removed^ or if water be 
made to boil in a vacuvm^ at wJmt temperature wiU ebullition com/kence f 

At a point 140° lower than in the open air. 

1023 To what temperaiwre can water exposed to the air be healed under 
ordinary circuTnstances f 

To about 212° Fahrenheit ; at this temperature water 
passes into steam or vapor. 

10S4:' Can water be heated beyond 312° ? 

Yes ; if subjected to sufficient pressure^ it can be heated 
to aryy extent\n\ho\it boiling. There is no limit to the 
degree to which water may be heated, provided the 
vessel is strong enough to confine the vapor ; but the 
expansive force of steam is so enormous under these 
circumstances, as to overcome the greatest resistance 
which has ever been exerted upon it. 

1025 Why does soup Jceep hot longer ihan boiling water f 

Because the grease and other ingredients floating in 
the soup retain the heat longer than the particles of 
water, and, at the same time, by their viscidity or tena- 
city, prevent the circulation of the heated particles. 

1026 Bow is air Tieatedf 

By " convectme cwrrents.^^ 

XOQ'7 Explain what is meant by '-* convective currents." 

When a portion of air is heated, it rises ujpwards in 
a awrrent^ carrying the heat with it ; other colder air 
succeeds^ and (being heated in a similar way) ascends 
also : these are called "convective currents." 

" Convective currents^" so called from the Latin words cumvedus (carried 
with), because the Jieat is "carried with" the current. 

1028 Is air heated by the rays of the sun t 

No ; air is not heated (to any very great extent) hy the 

action of the sun^s rays passing through it. 

10S9 Whyj tJiejij is the air 7u>iier on a sunny day ihan on a cloudy 
onef 
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How hot snbstanceB are cooled. Blowing hot fbod cools it 

Because the sun heats the surf (ice of the earthy and 
the air (resting on the earth) is heatea h/ contact / as 
soon as it is heated it ascends^ while its place is sup- 
plied by colder portions, which are heatea in turn also. 

1030 If air he a had condvctor^ why does hot iron hecorm ccUd hy ea^po- 
sure to the air t 

Because it is made cold — 1. By " convection ;" and 
2. By "radiation." 

1031 Ebw is hot iron made cold hy convection f 

The air resting on the hot iron (being intensely heated) 
rapidly ascends with the heat it has absorbed ; colder 
air succeeding, absorbs more heat and ascends also ; and 
this process is repeated till the hot iron is cooled comr 
pletdy dovm. ^ 

1032 How is hroih cooled hy heing left exposed to (he air f 

It throws off some heat by radiation ; but it is mainly 
cooled down by corwection. 

1033 Row is hot hroih cooled dovm hy convection f 

The air resting on the hot hroih (being heated) as- 
cends : colder air succeeding absorbs more heat^ and 
ascenas also; and this process is repeated tiU the broth 
is made cool. 

The partidea on the surface of the hroth sink aa they are cooled down, 
and warmer particles rise to the surface, which gradually assist. the cool- 
ing process. 

1034: Why are hoi tea and hroih cooled faster hy heing stirred ahotU f 

1. Because the agitation assists in bringing its hottest 
pa/riicles to the surface; 

2. As the hotter particles are more rapidly brought 
into contact with the air, therefore convection is more 
TO^pid. 

3.035 How does hlomng hot food maJce it coolt 

It causes the air (which has been heated by the 
food) to cha/nge more rc^pidly^ and give place to fresh 
ccldoA^r. 

X036 If a shutter he closed in the daytime^ the stream,, of light (pierc- 
ing through the crevice) seems in constant agitation : why is this f 

Because little motes suxdparticles of ditst (thrown into 
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Milk boHB qnicker than water. Why stoves are not placed at top of the room. 

agitation by the violence of the conveeti/ve currents) are 
made visible by the strong beam of light thrown into 
the room through the crevice of the shutter. 

1037 Why does milk toil more quickly than water f 

Milk is a thicker liquid than water, and consequently 
less steam escapes through the thick hquid (milk) than 
through the thm liquid (water) ; therefore lie heat of 
the whole mass of the milk rises more quickly. 

1038 Why are fires placed near the floor of a room, and not towards 
the ceiUng t 

Because heated air always ascends. If, therefore, 
the fire were not near the floor ^ the air of the lower 
part of the room would never be heated by the fire at 

1039 Wovld not (he air of the lower pari of a room he heai/ed equaUy 
weU if the fires were fixed higher up f 

No ; the heat of a fire has a very little effect upon 
the air below the level of the fire ; and therefore every 
fire should be as near to the floor possible. 

1040 Our feet are very frequeirilly cold when we sit elose by a good fire : 
explain the reason of this f 

As the fire consumes the air which passes over it, 
cold air rushes through the crevices of the doors and 
windows, and along the bottom of the room^ to supply 
the deficiency ; and these currents of cold air rushxng 
constantly over ourfeet^ deprive them of their warmtL 

104:1 What is meant by radiation of heat f 

The emission of rays of heat in all directions. 

When the hand is placed near a hot body suspended in the air, a sen- 
sation of wannth is perceived, even for a considerable distance. If the 
hand be held beneath the body, the sensation will be as great as upon 
the sides, although the heat has to shoot down through an opposing cur- 
rent of air approaching it. This effect does not arise from the heat being 
conveyed by means of a hot current, since all the heated particles have a 
uniform tendency to rise; neither can it depend upon the conducting 
power of the air, because aerial substances possess that power in a very 
low degree, while, the sensation in the present case is excited almost on 
the instant. This method of distributing heat, to distinguish it from heat 
passing by contact or conduction, is called radiation, 

104:8 How do we designate heat so distribuUedf 

As radiant or radiated heat. 
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BadJation. Good and bad radiators. 

104:3 When is heai radiated from one body to another f 

"When the two bodies are separated by a nonrcorh- 
ducting medium. 

104:4: On what does radiation depend f 

On the roughness of the radiatuig surface : thus, if 
metal be scratched^ its radiating power is increased, 
because the heat has more points to escape from. 

104:S Does afire radiate heat f 

Yes ; and because burning fuel emits rays of heat^ 
-^efeel warm when we stana before a fire. 

104:6 Why does our face feel uncomfortaUy hot when we approa/:h a 
firef 

Because the fire radiates heat upon the face, which 
(not being covered) feels the effect immediately. 

1047 Why does the fire heat the face more than it does the rest of (he 
hodyf 

Because the rest of the bodv is covered with cloth- 
ing ; which (being a bad conductor of heat) prevents 
the same sudden and rapid transmission of heat to the 
skin. 

1048 Do those svbstances which radiate heat ahsorh heat also t 

Yes. Those substances which radiate most also 
absorb most heat y and those w^hich radiate lea^t also 
absorb the least heat, 

104Q Does any thing else radiate heat besides the sun and fire f 

Yes ; all things radiate heat in some measure, but 
not equally well. 

1050 What things radiate heat (he next best to the sun and firef 
All dull and dark substances are good radiators of 

heat ; but all light and polished substances are bad ra- 
diators. 

1051 What is meant by being a " bad radiator of heat f ' 

To radiate heat is to throw off heat by rays^ as the 
sun ; a polished tin pan does not throw of the heat of 
boiling water from its surface, but Tceeps it in. 

10623 Why does snow (at the foot of a tree or wall) tneU sooner than in 
an open field f 
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SituatioDB In lebich no dew is deposited. 

Cold condensing the vapor of the air when near the 
point of saturation, 

106*7 Why do mist and fog vanish at sunrise t 

Because the condensed particles are agsdn changed 
into invisiile vapor by the neat of the sun. 

1068 Why is dew most abundant in situations most exposed? 

Because the radiation of heat is not arrested hj 
houses, trees, hedges, or any other thing. 

1069 Why is there scarcely any dew under a leafy tree f 

1. Because the thick foliage of a tree arrests the radir 
oMon of heai, from the earth ; and 

2. A leafy tree radiates some of its own heat towards 
the earth ; m consequence of which the ground under- 
neath a tree is not sufficiently cooled down to chill the 
vapor of the air into dew. 

10*70 Why is there never much dew at die foot of walls and hedges? 

1. Because they act as screens to arrest the radiation 
of heat from the earth; and 

2. They themselves radiate some portion of h^at 
towards the earth ; in consequence of which the ground 
at the foot of walls and hedges is not sufficiently coded 
down to chill the vapor of tne air into dew. 

1071 Why is {here no dew on a windy night f 

1. Because the wind evaporates the tnoisture as fast 
as it is deposited ; and 

2. It distwrbs the radiation of heat^ and thus dimi- 
nishes the deposition of dew. 

107J3 Why are valleys and hoUows often thickly covered with dew^ 
although (hey are sheltered f 

Because the suiTounding hills prevent the agitation 
of the air, but do not ovemang and screen the valleys 
sufficiently to arrest the radiation from their surfaces. 

1073 Why does dew fdU more dbundanHy on some substances than on 
others? 

Because some substances radiate heat more freely 
than others, and therefore become rnuch cooler in the 
night. 
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Plants requiring the most molstnre condense the most dew. 

1074: Why are substaiwe^ which radiate iJie heat most freely always 
(he most thickly covered with dew ? 

Because they are the coldest substances, and there- 
fore condense vapor most readily. 

1075 Wh^t kiTid of materials radiate Jieat most freely f 

Grass, wood, and the leaves of plants radiate heat 
very freely ' but polished metal, smooth stones, and 
woollen clotli part with their heat very tardily. 

107s Do the leaves of all plants radiate heai equaUy wellf 

No. Eough, woolly leaves (like those of a hollyhock) 
radiate heat much more freely than hard^ smooth po- 
lished leaves^ like those of the common laurel. 

1.0*77 Show the wisdom of the Creaior in making grass^ tlie leaves of 
ireeSf and all vegetables^ exceUerU radicUors of heat f 

As vegetables require miich moisture^ and would 
often perish without a plentiful deposit of dew, tlio 
Creator wisely made them to radiate heat freely^ so as 
to chill the vapor (which touches them) into dew, 

1078 Win polished m£tal, smooth stones^ and wooUen doth readily col- 
lect dewf 

No. While gi'ass and leaves of plants a/re corrmletdy 
drenched with deWy a piece of polished inetal or of 
wooUen cloth (lying on the same spot) will be almost 
dry. 

1073 Why would polished metal and woollen chOi he dry^ vjhile grass 
and leaves are drenched with dew f 

Because the polished metal and woollen cloth ^art 
with their heat so sloicly, tliat the vapor of tlie air is 
' not chilled into dew as it passes over them. 

IO8O Why is a gravel walk almost dry when a grass-plat is covered 
thick with dew t 

Because grass is a good radiator, and throws off its 
heat yerj freely ; but gravel is a very lad radiator , 
and parts with its heat very slowly. 

lOSl Is (hat the reason why grass is saturated with dew, and tli£ gra- 
vel is not f 

Yes. "When the yapor of warm air comes in contact 
with the cold grass, it is instantly chilled into dew ; but 

8 
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Dew on rocky and on fertile soils. Dew most abundant after a hot day. 

it ifl not 90 fredy condensed as it passes over gravel, 
because gravel is not so cold as the grass. 

1082. Why does dew rarely faU upon hard rocks and barren lands? 

Because rocks and barren lands are so comjpact and 
hardy that they can neither ahsorh^ nor radicUe much 
hoot; and (as theii* ternperoiture varies hut very little) 
very little dew deposits upon them. 

1083. Why does dew faU more abundantly on cuUivated soUs than on 
barren lands f 

Because cultivated soils (being loose and porous) 
very freely radiate by night the heat which they ab- 
sorb by day ; in consequence of which they are much 
cooled down, and plentifully condense the vapor of the 
passing air into dew, 

1084: Show (he wisdom of ihe Oreaior in this arrangemerU t 

Every plant and inch of land which needs the moist- 
ure of dew is adapted to collect it; but not a single 
drop is wasted where its refreshing moisture is not 
required. 

1085 When is dew most copiously distilled f 

After a hot day in summer or autumn, especially if 
the wind blows over a body of water. 

1083 Why is dew distilled most copiously after a hot day f 

Because the surface of the hot earth radiates heat 
very freely at simset, and (being made much colder 
than the at?*) chiUs iiie passing vapor aiid condenses it 
into dew. 

1087 Why is there less dew when Vie wind hUnos across Vie land, Vian 
when it Uows over a body of water t 

Because the winds which blow across the la7id are 
dry and arid; but those which cross the water are 
moist and full of vapor. 

1088 How does the dryness of (he wind prevent dew-faUsf 

As winds (currents of air) which blow over the land 
are very dry, they imbibe the moisture of the air ; in 
consequence of which there is very little left to be con- 
densed into dew. 

1088 Why is meat very subject to taint on a mjoonUght night f 
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Protection against frost Cause of fog and mist 

Because it radiates heat very freely in a bright moon- 
liglit night ; in consequence of which it is soon covered 
-with dew^ which produces rapid decomposition. 

lOQO Eow do moonligM nights conduce to the rapid growth of plants t 
Eadiatiou is carried on very rapidly on bright moon- 
light nights; in consequence of which dew is very 
plentifully deposited on young plants, which conduces 
much to their growth and vigor. 

1091 Why is ffie air in immediate contact with the earthy on a dear 
uightj cooler than Hie air ai a Utile distance from the surface t 

Because it parts with its heat to the earth, which in 
turn loses it by radiation. 

1093 ffow can a thin covering of basSj or even muslin^ protect trees 
from frost f 

Because any covering prevents the radiation of heat 
from the tree ; and if trees are not cooled dovm by radi- 
ation, the vapor of the air will not he frozen as it comes 
in contact with them. 

Bass — a kind of matting used by gardeners. 

1093 Why is the bass or canvas itself (which covers the tree) always 
drenched with dew f 

Because it radiates heat both up^vards and down- 
wards / in consequence of which it is so cooled down 
that it readily chuls the vapor of the air into defuo. 

1004 Whjai is the cause of mist or eartli-fog f 

If the night has been very calviy the radiation of heat 
from the earth has been very abundant ; in consequence 
of which the air (resting on the earth) has been chilled^ 
and its vapor condensed into a thick mist. 

1096 Why does not the mist become dew f 

Because the chill of the air is so rapid, that vapor is 
condensed faster than it can be deposited and (covering 
tiie earth as a mist) prevents any farther radiation of 
hmt from the eai-th. 

jLOQQ When ffie earth can no hngei' radiate heat upwards^ does it con- 
iinue to condense ike vapor of the air ? 

No ; the air (in contact with the earth) becomes about 
equal in temperatv/re with the surface of the earth itself; 
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Mist and dew vanish at sanrise. No dew in cities. 

for which reason the mist is not condensed into dew, but 
v&mBhBA floating above the earth as a thick cloud. 

1097 This mist seems to rise higher and higher, and yet remains quite 
06 dense below as at first : explain the cause of this. 

The air resting on the earth is firat chilled, and chills 
the air resting on it ; the air which touches this new 
layer of mist being also condensed, layer is added to 
layer ; and thus tlie mist seems to be rising, when (in 
fact) it is only deepening. 

1098 Why do mist and dew vanish as the sun rises f 

Because the air becomes warmer at sunrise, and a&- 
sorbs the vapor. 

1099 Can the dew properly he said to ^'faUf' 

No^ ; dew is always J^ormed upon the surface of the 
material upon which it is found, and does not fall from 
the atmosphere. 

1100 Does (he color of an object influence the deposition of dew f 

It does to a considerable extent 

1101 Ebw can this be shown f 

K we take pieces of red, black, green, and yellow 
glass, and expose them when the dew is condensing, we 
shall find that moisture will show itself flrst on the 
yellow and then on the green glass^ but that none will 
appear on the red or bla^k glass. The same thing will 
take place if we expose colored fluids in white glass 
bottles. 

HOS Why is the deposition of dew rarely observed in iJie close and 
sheltered streets of cities f 

Because there the objects are necessarily exposed to 
each other's radiation, and an interchange of heat takes 
place, which maintains them at a temperature uniform 
with the air. 

1103 Wlien is dew converted into frost f 

If the temperature of the earth, or of the vessel, sink 
to the freezing point or below, the moisture will be de- 
posited as before ; but by freezing, it assumes tlie solid 
Ibrm, and is called frost. 

1104 Why is a dew-drop round f 
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Why a dew-drop Is ronnd. Why a duck is not wet with water. 

Because every part of it is equaUy haZanced; and 
therefore there is no cause why one part of the drop 
should be farther from the centre than another. 

1105 Why tviU dew-drops roU about cabbage plantSj poppies^ &c.^ toiffir 

out wetting the surface f 

Because the leaves of cabbages and poppies are 
covered with a YQrjJpne waxen powder^ over which the 
dew-drop rolls without wetting the surface, as a drop of 
rain would over dust. 

1106 Why does not a drop of rain, wet the dust over which it roUsf 

Because dust has no affinity for water, and therefore 
repels it. 

1107 Why can swans and ducks dive under waiev without being wetted? 
Because their featliers are covered with an oily aecrer 

tiouj which has no affinity for water, and therefore re- 
pels it. 

1108 Whai is the figure which water always asmm^s when unsupported, 
or supported on a surface having little aUractionfor it? 

The figure of a sphere. This figure becomes more or 
less globular or spheroidal in its shape, as the attraction 
of the substances upon which it is received increases or 
diminishes ? 

1109 What is the form of a drop of rain when descending in the air? 

A &phefre. 

1110 Why should drops ofwaier^ resting upon surfaces which ha/oe no 
affinity for thenij assume a spheroidat shape? 

Because such surfaces not having so great an attrac- 
tion for the drops of water as the particles of water have 
for each other, the drops tend to preserve, as nearly as 
possible, the spheroidal form wmch they would have 
if entirely unsupported, as when falling as drops of 
-rain. 

1111 Is dew ever formed upon (he surface ofwaier ? 

The formation of dew upon ships which traverse the 
vast solitudes of the ocean na^ never been noticed; and 
it has been ascertained by experiment that even a small 
quantity of water gains no weight by exposure during 
a single night. 
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No dew on the ocean. No dew fiJls on the human bodj. 

Although dew <ior:8 not appear upon ships at a great distance from land, 
it is freely deposited on the <6ame vessels arriving in the vicinity of terra 
firma. Thus, navigators who proceed from the Straits of Sunda to the 
Coromandel coast, know that they are near the end of the voyage when 
they perceive the ropes, sails, and other objects placed on the deck become 
moistened with dew during the night. 

1112 Why does iwt dew form upon the surface of waier f 

Becaase whenever the aqueous particles at the sur- 
face are cooled, they become heanner than those below 
tiiem, and rnik^ while warmer and lighter particles rise 
to the top. These, in their turn, become heavier, and 
descend ; and the process, continuing througliout the 
night, maintains the surface of the water and the air at 
nearly the same temperature. 

1113 Does dew dqxmt upon ships cUseat 

It appears from the observations made by the United 
States Exploring Expedition, and from other sources, 
that on the ocean neavy deposits of dew sometimes 
occur upon the decks of vessels. 

1114 Why are tfie exposed parts of the human body never covered with 
dewf 

Because the vital heoit, varying from 96° to 98° Fah- 
renheit, effectually w'^eTi'^ such a loss of warmth as is 
necessary to its production. 

1116 In what countries are the dews pwst copious and abundant t 

In trcfpical climates. 

me What is the reason of this f 

Because in those countides there is tlie greatest dif- 
ference between the ternpera^t^re of the day and that 
of the nigM. 

The development of vegetation is greatest in tropical countries, and a 
great part of the noctum^ cooling is due to the leaves, which present to 
the s]j7 an immense number of thin bodies, having large surface, well 
adapted to radiate heat 
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Befleotlon of heat What ore rays of beat f 



CHAPTER VI 

EEFLECnON, ABSOBFnON, AND TRANSMISSION OF HEAT. 

1117 WTicU is meant by (he reflection of heat f 
Heat is said to be reflected when it is caused to re- 
bound or be throvm back from the surface of a reflect- 
ing body. 

Ills What are ike best reflectors of Jieatt 

All bright surfaces and liffht colors. 

mo Are good absorbers of heat good reflectors also f 

No ; those things which absorb heat best reflect heat 
worst; and those which reflect heat worst absorb it best. 

IISO Why are those things which absorb heat unable to reflect it f 

Because if anything siccks in heatj as a sponge does 
water, it cannot throw it off from its surface ; and if 
anything throws off heat Irom its surface, it cannot 
drink it in. 

X±2± Why are reflectors always made of light-^^olored and higJUy* 
polished m/etal f 

• Because light-colored and highly-polished metal makes 
the best of all reflectors. 

1183 If metal he such an excellent conductor of Tieai, how can it reflect 
Tieaty or throw it offf 

Polished metal is a conductor ofheai only when that 
heat is communicated by actual contact ; but when- 
ever heat falls upon bright metal in rays^ it is refl^ected 
ba>ck a^ain^ and the metal remains cool. 

11S3 WhaX is maaid " by heat falling upon metal in rays^^^ and not 
''by contacts 

If* a piece of metal were thrust into a fire, it would 

be in act/iial contact with the fire ; but if it were held 

before a flre^ the heat of the fire would fall upon it in 

rays. 

' 1134: Why wiU a kettle he slower in boiling if iShe bottom and sides or* 
clean and bright t 
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Use of white dresses in somraor. Coldness of high moantaiDS. 



Because hrujld metal does not absorb hea% but re- 
flects it ; and (as the heat is thrown off from the sur- 
face of bright metal by reflection) therefore a new ket- 
tle takes a longer time to boil. 

Reflects heat — ^that is, throws it off. 

IISS Why do persons wear ivhite dresses in summer-iime f 

Because white throws of the Jieat of the sun by re- 
flection^ and is a very Gad absorbent of heat ; in con- 
sequence of which white dresses never become so hot 
from the scorching sun as dark colors do. 

USB Why do persons not wear white dresses in winier-tirm t 

Because white will not ahsorb heat like black and 
other dark colors ; and therefore white dresses are not 
so warm as dark ones. 

IIST Why are shoes hotter for being dusty f 

Because dull, dusty shoes will absorb heat from the 
Bun, earth, and air ; but shoes brightly polished throw 
off the heat of the sun by reflection. 

11S8 Why do not the solar rays, even in the hottest day^ meU (he sruno 
wpon the tops of high mountains^ which are nearer to the sun than the level 
portions of the earth f 

Because they only heat those bodies which can aJ- 
sorb their warmth^ as the rough smface of the earth. 
The snow is indeed struck by the rays of the sun, but 
being a white and shining body, it reflets them, and 
remains cold. 

1129 Why does it always freeze on (he top of a high mountain t 

1. Because air is heated by contact with the eaHKs 
suTface^ and not by solar rays which pass through it : 
as a mountain-top affords very small surface for such 
contact, it remains intensely cold ; and 

2. When air flows up the side of a mountain, it ex- 
pands from diminished pressure ; and consequently 
absorbs heat from surrounding objects. 

Rarefied air can hold more latent heat than dense air can. 

1130 What is the difference between conducting heat and absorbing 
heat? 

To condicct heat is to tra/nsmit it from one body to 
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Conduction of beat How fanning cools. 

another through a conducting medium. To absorb heat 
is to auck it ujp^ as a sponge sucks up water. 

1181 Give me an example f 

Black cloth absorbs^ but does not conduct heat : tlius, 
if black cloth be laid in the sun, it will absorb the rays 
very rapidly ; but if one end of the black cloth be 
made hot,. it would not conduct the heat to the other 
end. 

118S Are good conductors of heat good absorbers also f 
No ; every good conductor of heat is a bad absorber 
of it ; and tw good absorber of heat can be a good con- 
ductor also. 

1133 Js iron a good absorber of heat f 

No ; iron is a good conductor, but a very bad ab- 
sorber of heat. 

1134: If apiece of brown paper be submitted to die action of a burning' 
glass it will catch fvre miLch sooner than a piece of white paper would : ex- 
plain the reason. 

Because white paper reflects the rays of the sun, or 
throws them back ; in consequence of which it appears 
more luminous, but is not so much heated as dark 
brown paper, which absorbs the rays, and readily be- 
comes heated to ignition. 

1185 How does (he ceaseless change of air tend to dea^ease (he warmth 
of a naked body f 

Tlie air (which cases the body) absorbs as much heat 
from it as it can^ while it remains in contact ; beinff 
then blown away, it makes room for a fresh coat of 
q/i/r, which readily absorbs more heat. 

1186 Does Vie air which_ encases a naked body become {by contact) as 
warm as the body itself f 

It -would do 60, if it remained motionless; but, as it 
remains only a very short time, it absorbs as much heat 
as it can in the time, and passes on. 

1137 Why^ does funning the face in summer make it cool f 

Because the fan puts the air in motion, .SLud makes 
it pass more rapidly over the face ; and (as the tem- 
perature of the air is always lower than that of the 

8* 
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Wind generallj feels cooL Utility of blade kettles. 

human face) each volume of air carries of some portion 
of its neat 

1188 Does a fan cool (he air t 

No ; it makes the air hotter by imparting to it the 
heat out of our face / but it cools our face by transfer- 
ring its heat to the air. 

1130 How does fanning iheface increase (he lieai of the air t 
By driving the air more rapidly over the human 
body, and causing it, consequently, to absorb more heat. 

11-4:0 If fanning makes the air hotter^ why can it make a person feeL 
cooler f 

Because it takes the heat out of the face^ and giyes 
it to the air. 

ll-^l W\y does wind generally feel coolt 

Because it drives the air more rapidly over our body, 
and this rapid cha/nge of air draws off a large quantity 
of heat. 
11*4© Why does air absorb heai more quickly by being set in motion f 
Because every fresh gust of air absorbs a fresh por- 
tion of heat ; and the more rapid the succession of 
gustSj the greater will be the quantity of heat absorbed. 

1143 If the air were hotter than our body wovM (ke wind feel cool t 

No ; the air would feel insuff^eraily hot^ if it were 
hotter than ov/r body. 

11-4:4 Why would (he air feel intensely hot^ if it were warmer than our 
body? 

Becaus^it would add to the heat of our body, instead 
of diminishing it. 

1145 Is the air ever as hot as the human body t 

In the extreme of summer the temperature of the 
air sometimes exceeds the natural temperature of the 
body ; and when that is the case, the heat is almost 
insupportable. 

114e Why does a ketUe boil faster whert the bottom and sides are 
tovered with soot f 

Because the black soot absorbs heai, very quickly from 
the fire, and the metal conducts it to the water. 
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Colors most suitable for dresses. Wbj a negro never eunbams. 

1147 Why do we wear white Unen wnd a hlxuk ovier dress^ if we want 
to be waa-m t 

Because the Hack outer dress quickly absorbs heed 
from the sun ; and the white linen (being a had absorb- 
ent) abstracts no heat from the warm body. 

1148 Whai colors are-warmest for dresses t 

For outside garments Uack is the warmest^ and then 
such colors as approach neai*est to black (as dark blue 
and green). White is the coldest color for external 
clothmg. 

114© Why. are dark colors {for external wear) so much warmer than 
light ones f 

Because durJii colors absorb heat from the sun more 
abundantly than light ones. 

1150 Bow can you prove that dark colors are warmer than light ones t 
If a piece of black and a piece of white cloth were 

laid upon snow, in a few hours the bla^k cloth will 
have melted the snow beneath / whereas the white cloth 
will have produced little or no effect upon it at all. 

The darker any color is, the warmer it is, because it is a better absorb- 
ent of heat. The order may be thus arranged : 1, black (wannest of all) ; 
2, violet ; 3, indigo ; 4, blue ; 5, green ; 6, red ; 7, yellow ; and 8, white 
(coldest of all). 

1151 Why does the black skin of a negro never sunburn or blister with 
the hot sunt 

Because the' bla^h color absorbs the heat, conveys it 
below the surfaxie of the skin, and converts it into smr 
sible heat sma ^perspiration. 

11S3 Why does the white European skin bUsier and bum when 
exposed to Vie hot sun f 

Because white will not absorb heat ; and therefore the 
hot sun rests on the surfojce of the skin^ and bums it. 

1153 Why do most of (he aniTnals inhabiting the frigid zones Jiave 
white fur^ hair, or feathers? 

Because white radiates and absorbs but little heat. 

11S4: What relation exists between (he power of bodies to aibsorb and 
communicate heat f 

Those bodies which absorb heatfreely^ aho part with 
it most ramdly ; that is, they are sooner heated and 
more speedily cooled than other bodies. 
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Tempemtnre of scalding water. ^ General effects of beat 
U.6S At wliat temperature do metals bum when handled t 

Metals cannot be handled when raised to a tempo- 
Tature of more than one hundred and twenty degrees. 

IISQ At whai temperature does water scald f 

At one hundred and fifty degrees, 

1157 To what extent can Vie huiaan system sustain the influence of 
heated air t 

Workmen enter ovens, in the manufacture of moulds 
of plaster of Paris, in which the thermometer stands 
100° aiove the te7nperature of hoiUng water ^ and sustain 
no injury. 

If the person so entering a heated oven should hold next to his skin a 
piece of metal, the latter would absorb heat with sufficient rapidity to 
bum the surface with which it was in contact. 

1158 Why is there so great a difference between (he bwrnirig temperor 
ture of metals and air f 

The metals absorb heat quicJdy^ and part with it 
freely / the air absorbs heat very slowly ^ and does not 
readily part with it. 

115© What class of bodies aUow heat to pass fredy through (hem t 

Transparent bodies of little density, as the air, the 
various gases, etc., etc. 



CHAPTER VII. 

EFFECT OF HEAT. 



lieO What effect has heat upon substances geTieraUy f 

It expands .them, or enlarges their dimensions. 

IIQI Are the dimensions of efvery kind of matter regukUed by Tieaif 
They are; its increase, with few exceptions, separates 
the particles of bodies to a greater distance from each 
other, producing expansion^ so that the same quantily 
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Form of bodies dependent on beat. Heat expands all matter. 

of matter is thus made to occupy a larger space ; tho 
diminution of heat has an opposite effect. 

The expansion of solids by heat is 
clearly shown by the following experi- 
ment, Mg, 40 : m represents a ring of 
metal, through which, at the ordinary 
temperature, a small iron or copper 
ball, a, will pass freely, tliis ball being a 
little less than the diameter of the ring. 
If this ball be now heated by the flame 
of an alcohol lamp, it will become so 
&r expanded by heat as no longer to 
pass through the ring. 

1162 Is the form of bodies depend- 
enionkealf 

It is. 

11S3 How is this shown f 

By the increase of heat, solids are converted into 
liquids^ and liqmds are dissipated into vapor ; by its 
decrease, vapors are condensed into liquids, and tnese 
become solid. 

1164: IfmaMer ceased to he influenced by heai^ what would be the effect f 

All liquids, vapors, and doubtless even gases, would 
become permanently solid, and all motion on the sur- 
face of the earth would be a/rrested. 

1165 What are the three most apparent effects of heat, so far as relates 
to the form and dimensions of bodies f 

Mcpansion, liqicefaction, and vaporization. 

1166 Does heai expand air t 

Yes ; if a bladder (partially filled with air) be tied 
up at the neck, and laid iejore the f/re, the air will 
ea^amd till the bladder hursts. 

1167 Why wiU the air sweU if the bladder be laid before tJiefire f 

Because the heat of the fire will drive the particles 
of air apart from, eaxih other, and cause them to occupy 
more room than they did before. 

1168 Does heat expand aJd matter f 

Tes; every thing (that man is acquainted with) is 
expanded by heat. 

1169 How can we prove that solids expand mth heat f 
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Force of expansion. loe, why lighter than water. 

If we take the exact dimensions in length, breadth, 

and thickness of any substance when cold^ and measure 

it again when strongly heated^ it will be found to have 

increased in every du^ection. 

3.170 Do bodies expand with the increase of Jhcat, and contract vpon Us 
fvUhdrawal, with any degree offm'ce f 

Yes ; the force witli which bodijgs contract and ex- 
pand under the influence of heat is (apparently irresist- 
^ble, and is recognised as one of the greatest forces in 
nature. 

1171 WTiat pectdiarity exists in (he effect of heat upon the "bulk of some 



That at a certain temperature increase of heat causes 
them to contract^ and its diminvMon makes them ex- 
pand. 

1172 What dosses of liquids exhibit ffiis peculiarity f - 

Those only which increase in bulk in passing from 
the liquid to the solid state, and this change is remarked 
only within a few degi'ees of temperature above their 
point of congelation. 

1173 WJiai is a noted example of this exception to the general laws of 
heat? 

Water / ice swims upon the surface of water, and 
therefore must bo lighter, a convincing proof" that wa- 
ter in the act of freezing must expand, 

1174 Why is the ice produced by the freezing of sea water always 
fresh and free frorm, salt f 

Because water, in freezing, if in suflScient quantity 
to allow freedom of motion to its particles, easels cM 
impurities and coloring matters. 

1175 If a solution of indigo be frozen, why wiU the ice formed be dear 
and colorless f 

Because the water in which the indigo was dissolved 
expels all tlie blue coloring matter whue freezing. 

117Q Why are blocks of ice generally filled wWi air-bubbles f 

Because the water, during the act of freezing, expels 
the air contained in it, and many of tlie liberated bub- 
bles become lodged and imbeaded in the thickening 
fluid. 
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Cause of weather-worn rocks. Cause of icicles. What is ice ? 

1177 Is the force created by ike ea^ansion of water in the act of freezing 
very great f 

Yes; as an illustration the following experiment 
may be quoted : Cast-iron bomb-shells, thirteen inches 
in diameter and two inches thick, were filled with wa- 
ter, and their apertures or fase-holes firmly, plugged 
with iron bolts. Thus prepared, upon exposure to the 
severe cold of a Canadian^ winter, about 19° below 
" zero," at the moment the water froze, the iron plugs 
were violently thrust out, and the ice protruded, and 
in some instances the shells burst asunder, thus demon- 
strating the enormous interior pressure to which they 
were subjected by water assuming the solid state. 

1178 WJiai is the principal cause of the rounded and weather-worn 
aspect of some rocks, especially Vie Umestone and sandstone rocks t 

The eaypansion of freezing water : water is absorbed 
into their fissures and pores by capillary attraction, 
and when it freezes during winter, it expands and de- 
taches successive fragments, so that the original sharp 
and abrupt outline is gradually rounded and softened 
down. 

1170 Why, in the winter, do we let (he water run to prevent its freezing 
in the service pipe f 

Because the motion of the water prevents the crys- 
tals of ice from forming or attacliing themselves to the 
sides of the pipe. 

1180 Can a lens he made of ice capable of concentrating the rays of tha 
sun with sufficient intensity to inflame mbstances f 

Yes ; a huming-lens can be formed of transparent 
ice, of power sufficient to produce effects nearly equal 
•to those of the glass lens. 

1181 What is " ground ice,''^ or ^^ anchor ice f 

Ice formed at the hottom of si/reams or rivers* 

11813 Upon what does the formation of icicles d^endt 

Upon the successive congelation of drops or slender 
streams of water. 

1183 Whaiisicef 

Frozen water. When the temperature of water un- 
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-• 
Expansion of water in freezing. 

der ordinaiy circumstances is reduced to 32° of heat, 
water will no longer remain in a fluid state. 

1184: Can water be cooled below 32°, under any circumstances^ tvithotU 
freezing t 

If pure, recently-'boiled water j be cooled very slowly 
and Kept very tranquil^ its temperature may be low- 
ered to 21° without the formation of ice ; but the least 
motion causes it to congeal suddenly, and its tempera- 
ture rises to 32°. 

1185 Why is solid ice lighter than water f 

Because water expands by freezing ; and as the hdk 
is increased, the gravity must be less. 

Nine cubic inches of water become ten when frozen. 

118Q Why are earthen or porcelain wcUer vessels apt to break in a 
frosty nigJU t 

Because the water in them freezes, and {e&ypanding 
by frost) bursts the vessels to make room for its increas- 
ed volume. 

1187 Why does it not expand upwards {like boiling water) and run 

over? 

Because the surface is frozen first ; and the frozen 
surface acts as 2^ plug, which is more difficult to burst 
than the earthen vessel itself. 

1188 Why do tiles, stones, and rocks often split in winter f 

Because the moisture in them freezes, and (expand- 
ing by frost) splits the solid mass, 

11 8Q In winter-time, footmarks and wheel-ruts are often covered with 
an icy network, through ilie interstices of which Uie soil is clearly seen : why 
does the water freeze in the form of network? 

Because it freezes first at the sides of the footprints ; 
other crystals gradually shoot across, and would cover 
the whole surface, if the earth did not absorb the water 
before it had time to freeze. 

110O In winter-time, Uiese footmarks and whed-rvis are sometimes 
covered with a perfect sheet of ice, and not an icy network : why is this t 

Because the air is colder and the earth ha/rder than 
in the former case ; in consequence of which the entire 
surfojce of the footprint is frozen over beftre the earth 
has had time to absorb the water. 
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Water-pipes often bnrst In winter. Bottom of a river rarelj frozen. 

1101 Why is not ihe ice solid in these ruts f — why is there only a very 
thin film or network of ice f 

Because the earth absorbs most of the water, and 
leaves only the icyjfKm behind. 

IIOS Why do waterrpipes frequently burst in frosty weather t 

Because the water in them freezes, and {expanding 
by frost) bursts the pipes to maKe room for its increased 
volume. 

1103 Why does the earth crack in iniense cold weather f 
The moisture in the soil in the act of freezing eah 
pands^ and forces the particles asunder. The disrup- 
tion of the earth is frequently accompanied with a loud 
sound. 

110'4: Does not water expamd by Jieat as weU as by cold t 

Tes ; it expands as soon as it is more than 42®, tiU it 
boils / after which time it flies off in steam. 
110S When does water begin to expand from cold? 

"When it is reduced to 40°. "Water is wisely ordained 
to be an exception to a very general rule : it contracts 
till it is rediiced to 40°, and then it expands till it 
freezes, ' 

The general rule is this : — ^That cold condenses and contracts the volume 
of nearly everything ; but water is not contracted by cold after it freezes 
(which it does at 82°). 

11G6 Why does water expand when it freezes f 

The expansion of water at the moment of freezing is 
attributed to a new and peculiar arrangement of its 
particles. Ice is, in reality, crystallized water, and dur- 
ing its formation the particles arrange themselves in 
ranks and lines which cross each other at angles of 60° 
and 120°, and consequently occupy more space than 
when liquid. This may be seen by examining the sur- 
face of water in a saucer while freezing. 

11Q7 Why is the bottom of a river rarely frozen t 

Because water ascends to the surface as soon as it be- 
comes -colder than 42°, and (if it freezes) foats there till 
it is melted. 

11G8 Show the wisdom of the Creator in this loonderful exertion to a 
general law. 
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Whj water freeze* first at the sorfaoe. Why mniiing water fireezes slowly. 

If ice were heamer than water it would sink^ and a 
river would Boon become a soUd hlock of ice, which, 
could never be dissolved. 

The general rule is, that all substances become heavier from condensa- 
tion ; but ice is lighter than water. 

110S Why does not (he ice on (he surface of a river cMU the tocUer 
beneaihj and make itfreete f 

1. Because water is a very bad conductor, and is 
heated or chilled by convection only ; 

2. If the ice on the surface were to communicate its 
coldness to the water beneath, the water beneath would 
communicate its Jieat to the ice, and the ice would in- 
stantly ;n^Z^ / and 

3. The ice on the surface acts as a shield, to prevent 
the cold from, penetrating through the river to freeze the 
water below the surface. 

1500 Why does water freeze at the surface first? 

Because the surface is in contact with the air, and the 
air carries away its lieat. 

1501 Why does the coat of ice grow thicker and thicker if the frost 
continues f 

Because the heat of the water (immediately below 
the frozen surface) passes throicgh the ice into the cold 
air. 

ISOS Why are not whole rivers frozen {layer by layer) till they be- 
come solid icef 

Because water is so slow a conductor,, that our frosts 
never continue long enough to convert a whole river 
into a solid mass of ice. 

1503 Why does not running water freeze as fast as stiU water f 

1. Because the motion of the cuiTent disturbs the 
crystals, and prevents their forming into a continuous 
surface ; and 

2. The heat of the under surface is communicated to 
the upper surface by the irwtion of the water, 

1504 When running water is frozen^ why is the ice generally very 
rough f 

Because little flakes of ice are first formed and carried 
down the stream, till they meet some obstacle to stop 
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Sea water is rarely froaen. How the depth of water inflaences fireezing. 

them ; other flakes of ice (impinging against them) are 
arrested in Kke manner ; and the mges of the different 
flakes overlapping each other, make the surface rough, 

1505 Why do some parts of a river freeze less than others f 

Because aprings issue from the bottom, and (as they 
bubble upwards) thaw the ice^ or make it thin. 

1506 When persons faU into a river in winter-timej why does the water 
fed remarkably warm f 

Because the frosty oAr is at least ten or twelve de- 
grees colder than the water is. 

The water below the surface is at least 42°, but the air 32°, or even 
less. 

1507 Why is sea water rarely frozen t 

1. Because the mass of water is so greats that it re- 
quires a very long time to cool the whole volume down 
to forty degrees ; 

2. The M and flow of the sea interfere with the 
cooling influence of the air ; and 

3. Salt water never freezes till the surface is cooled 
down to twenty-seven degrees^ or flve degrees below the 
freezing point of fresh water. 

1508 Why do some lakes rarely (if ever) freeze f 



1. Because thejr are very deep: and 

2. Because their water is supplied by > 



. springs which 
bubble from the bottom. 

1509 How does the depth of water influence its freezing t 

It is necessary that the whole volume of water should 
be reduced to forty degrees before the surface wHZ 
he^in to freeze / and the deeper the water, the longer it 
will be before the whole volume is thus reduced. 

1510 Why do springs at the bottom of a lake prevent its freezing f 
Because they keep continually sending forth water 

having a temperature aiove that of the mass of the 
water^ which prevents the lake from being reduced to 
the necessary degree of coldness. 

1511 It is more chiUy in a thaw than in a frost : explain Vie reckon 
of this. 

When frozen water is thawed^ it absorbs heat from 
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Why it l8 ebillf daring a thaw. Cause of hoar-frost. 

^the wir^ etc., to melt the ice ; in consequence of which 
the heat of the air is greatly reduced. 

1515 It is warmer in a frost than in a (haw : eocplain ihe reason €f 
this. 

When ^SLieiT freezes^ it ^jives out latent heoit^ in order 
that it may be converted into solid ice; and, as much 
heat is liberated from the water to the atmosphere, the 
air feels wa/rmer, 

X213 SaU dissolves ice: explain ihe reason of this. 

Water freezes at thirty-two degrees, but saU and 
water will not freeze till the dir is live degrees colder; 
if, therefore, salt be added to frozen water, it dissolves 
it, unless the thermometer stands below 7°. 

1S14: Why does the frost ofmnter make ihe earth in spring loose and 
friable f 

Because the water absorbed by the earth in warm 
weather, expcmding hy the frosty thrusts the particles 
of earth apart from each other, and leaves a chink or 
crack between. 

1516 Show Ihe wisdom of ihe Creator in (his arrangemenL 

These cracks in the earth let in air, dew, rain, and 
many gases favorable to vegetation. 

1S16 Why are delicate trees covered wiffi straw in winter f 

Because straw (being a non-conductor) prevents the 
sap of the tree from being frozen. 

ISir WTwi is hoarfrost f 

There are two sorts of hoarfrost : 1. Frozen dew ; and 
2. Frozen fog. 

1818 Whai is (he cause of the ground hoarfrost^ w frozen dew t 
Very rapid radiation of heat from the earth ; in 

consequence of which the suiface is so cooled down, 

that it freezes the dew condensed upon it. 

1S19 Why is hoarfrost seen ordy after a very dear night t 
Because the earth will not have thrown oflP heat 
enough by radiation to freeze the vapor condensed upon 
its surface, unless the night be very clear indeed. 

1J380 What is the cause of (hat Tioarfrost which arises from frozen fog t 
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Where hoar-frost does not aocamiilate. Frostwork on windows. 

The thick fog which invested the earth during the 
night (being condensed by the cold frost of early morn- 
ing) is congealed upon &\)ery object wilii which it comes 
in contact. 

ISSl Wliy is (here litUe or no Tioarfrost under shrubs and shady trees f 

1. Because the leafy top arrests the process of radi- 
ation from the earth ; ana 

2. Shrubs and trees radiate heat towards the earth ; 
and therefore the grotmd beneath is neyer cold erumgh 
to congeal the little dew which rests upon it. 

ISSS Why does hoarfrost very often cover (he grownd and treeSj when 
Ihe water of rioers is not frozen t 

Because it is not the effect of cold in the air^ but 
cold on the surface of the earth (produced by excessive 
radiation), which freezes the dew condensed upon it. 

ISSS Why is the hoarfrost upon grass arid vegetables much thicker 
than that upon lofty trees f 

Because the air (resting on the surface of the ground) 
is much colder after sunset than the air higher icp / in 
consequence of which more vapor is condensed and 
frozen there. 

1384 Whai is the cause of the pretty frostwork seen on bedroom win- 
dows in unnter-timef 

The breaih and insensible jp^r6;p*Va^ie?7i of the sleeper 
(coming in contact with the ice-cold window) bxq frozen 
by the cold glass, and, crystallizing, form those beautiful 
appearances seen on a winter morning. 

1S236 Are aU ffie figure^ of frostwork formed in accordance witfi certain 
fioced lawsf 

All these iigures are limited by certain laws^ and the 
lines which bound them form among themselves no 
angles but those of 30% 60% and 120°. 

li3S6 If you fracture thin ice by allowing a pole or weight to fall upon 
it, wiU the lines of ihe fracture have anything of regularity f 

Yes ; the fracture will generally present a star with 
six equidistant radi% or angles of 60°. 

Xi^iSV Why is a glass or earthen vessel apt to break when hot water is 
poured into itf 

Because the inside of the glass is expanded by the 
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Why glass breaks when placed in hot water. Why a stove snaps. 

hot water, and not the outside / so the glass snaps in 
consequence of this uneiqual expansion. 

1558 Why is 'not the outside of (he glass exfpaitded hy the hot water <u 
well as the inside f 

Because glass is a had conductor of heai^ and hreaks 
before the heat of the inner surface is conducted to the 
outside. 

1559 Why does a glass snap because the inner surface is Tiotter than 
(he otUert 

Because the inner surface is expanded, and not the 
outer ; in consequence of which an opposing force is 
created which breaks the glass. 

1S30 Why does a cooper heai his hoops red hot when he puts them on 
aiubf 

1. As iron expands hy heat^ the hoops will be larger 
when they are red hot ; in consequence of which they 
will fit on the tub Tnore easily / and 

2. As iron contracts hy coid^ the hoops will shrink 
as they cool down, and girt the tub with a tighter 
grasp. 

1331 Why does a wheelwright make the tire red hot which he ftoces on 
a wheel f 

1. That it msijjit on more ea^ly ; and 

2. That it may girt the wheel more tightly. 

1S3S Why iviU the wheetwrighCs tire fU die wheel more easily for bein§ 
made red hott 

Because it will be ea^anded by the heat, and (being 
larger) will go on tlie wheel more eoMly. 

1233 Why vnU the tire which has been put on hoi girt the wheel more 
fvrmlyf 

Because it will shrink when it cools down, and 
therefore girt the wheel with a tighter grasp. 

1S34: Why does a stove m^Uce a cra^Uing noise when afire is very hoit 
Because it expands from the heat ; and the parts of 

the stove ruhhing against each other, or driving against 

the hricks, produce a crackling noise. 

1S3S Why does a stove make a similar crackling noise when a large 
fire is put ovif y 



SCIENCE OF COMMON THINGS. 187 

Wbj clocks go faster In summer than in winter. 

Because it contracts again^ when the fire is re- 
moved ; in consequence of which the parts rvh against 
each other again, and ih^jparts are again distv/ried. 

1S86 Why are the nails in almost aU old houses loose and easily 
drawn autf 

Because the iron expands in the summer^ and con- 
tracts in the winter^ more than the stone or wood, and 
thus the opening is gradually enlarged after a lapse of 
time. 

ISST^ Why does a piano give a higher tone in a cold than in a warm 
room? 

Because in a cold room the strings are contracted 

and tighter. 

1S88 Why do clocks go slower in summer and faster in winter f 

Because ihe pendulums elongate in summer through 

the efifects of heat, and consequently vibrate slower ; 

while in winter they contra^t^ become shorter, and 

vibrate more rapidly. 

1S33 How is this inequality in the rate of motion in timepieces obviated f 

By what is called a compensating pendulum ; that 

is, one constructed of two metals, possessing different 

expansive powers, in such a manner that the greater 

expansion of one bar in one direction equals the less 

expansion of other bars in a different direction, and 

thus maintain an invariable length of the pendulum. 

1240 Does wood expand under the inflttence of heat differently from 
metal f 

Yes ; an iron bar expands and contracts equally in 
all directions, but wood expands and contracts Inore in 
hreadih than in length. 

1S4:1 Why will a person^ buying oil, molasses, spirits, etc., by the mea- 
sure, get a greater weight of the same material in the same measure in ike 
winter- tJian in the summer f 

Because these liquids contract and occupy less space 
in the winter than in summer; consequently it requires 
more of the same kind to fill the same space in winter 
than in summer. 

1S4:S Bow can heat be measured f 

Only by its ej^ects : since the magnitude of any body 
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What is temperature f Thermometers and pyrometers. 

changes with the heat to which it is exposed ; and since, 
when subject to the same <3alorific influences, it always 
has the same magnitude, these dilatations and contrac- 
tions, which are the constant effects of heat, may be 
taken as the measure of the physical cause that pro- 
duced them. 

12^3 Whai is the temperature of a body f 

It is the actnial sidle of a body at any moment, deter- 
mined by a comparison of its magnitude with the heat 
to which it is exposed. 

XS^4t4s WhaJt M a change of temperaiure f 
The change in magnitvde which a body suffers by 
changes in t£e heat to which it is exposed. 

1246 What are the instruTnents for measuring Jieat caMed f 

Thermometers and j>yro9neters. 

1246 WJiat is the difference between them f 

A thermometer is used for measuring moderate temr 
peratvres ; while \)iq ][>yrometer is chieny applied to de- 
termine the more elevated degrees of heat. 

1247 What substances are best adapted for measwring the effects of 
Tieat by their eocpansion and contraction t 

Liquids, above all other substances. 

1248 Why are liquids best adapted for this purpose f 

Because in solids the direct expansion by heat is so 
small as to be seen or measured with difficulty ; in air 
or gases it is too extensive and too liable to be affected 
by atmospheric pressure ; but liquids are free from both 
disadvantages. 

1Q49 What liquid is generally used for the construction of ordinary 
{hermomeiers f 

Mercury or quicJcsih)er. 

12SO What metal is distinguished from aU others by its fluidity ai 
ordinary temperatures f 

Mercury or quicksilver. 

ISOl Does mercury, like other metals, expand by heaif 

It readily evypands or contracts with every variation 
of temperature. 
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Use of mercmy in thermometers. How thermometers are constracted. 

ISSS Why is^mercwry preferaJble to aU other liquids for the purposes 
of the thsnnometerf 

Because it iaiU at a higher temperature than any 
other liquid, except certain oUs; and, on the oflier 
hand, it freezes at a lower temperai/ure than all other 
liquids, except some of the most volatile, such as ether 
and alcohol 

Thus, a mercurial thenuometer will have a wider range than any other 
liquid thermometer. It is also attended with tliis convenience, that the 
extent of temperature included between melting ice and boiling water 
stands at a considerable distance from the limits of its ran^, or its 
freezing and boiling points. 

JLS63 Ofwhai does the mercuriai {hemunneter consist f 

The mercurial thermometer consists essentially of a 

flass tube with a bulb at one extremity, and which, 
aving been filled with mercury at a certain tempera- 
ture, mtroduced through the open end, has been her- 
metically sealed while full, so that no air can after- 
wards enter it. 

As the tube and mercury in it gradually become cooled, the inclosed 
fluid contracts, and consequently sinks, leaving above it a vacant space 
or vacuum, through which it may again expand on the application of 
heat 

1264t As fftermometers are constructed of different dimensions and 
capacities^ how asre they graduoded to indicate the same ten^peratvre under 
the same circumstances, as the freezing point, for example t 

The thermometers are first immersed in melting snow 
or ice. The mercury will be observed to stop in each 
thermometer-tube at a certain height; these heights 
are then marked upon the tubes. Now it has been 
ascertained that at whatever time and place the instru- 
ments may be afterwards immersed in melting snow or 
ice, the mercury contained in them will always fix itself 
at the point thus marked. This point is called the 
freezvrig point of water. 

'\L366 Exm is the boUing point ascertained t 

It has been foimd that at whatever time or place the 
instruments are immersed in pure water, when boiling, 
provided the barometer stands at the height of thir^ 
mches, the mercury will always rise in each to a certain 

9 
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Determination of the boilliig and flroezing points. 



height. This, therefore, forms another ^ooed point on 
the geometric scale, and is called the boding voint, 

1266 Bow are the ijUermedicUe points determined f 

In Fahrenheit's thermometer, the intervals on the 
Bcale, between the freezing and boiling points, are 
divided into 180 eqnal parts. This division is similarly 
continued below the fireezinff point to the place 0, and 
each division upwards from mat is marked with the suc- 
cessive number 1, 2, 3, etc. The freezing point will 
now be the 32d division, and the boiling point will be 
the 212th division. Hiese divisions are called degrees^ 
and the boiling point will therefore be 212°, and the 
jfreezing temperature, 32°. 

1267 When and by whom was (he thermometer invented? 

The thermometer was invented about the year 1600; 
but, like many other inventions, the merit of its dis- 
covery is not to be ascribed to one person, but to be 
distributed among many. 

1268 Why is the thermometer in general use in the United States^ 
England^ and MoUand, caUed Fahrenheit's thermometer t 

Because thermometers having a like gi-aduation were 
first manufactured by Fahremieit, a Dutch philoso- 
phical instrument-maker. The employment of mercury 
as the most suitable fluid for the thermometer is also 
usually attributed to him. 

1269 Ebw many kinds of thermometers 
are in general use? 

Thme : Fahrenheit s<f Reau- 
mv/r^s^ and the Centigrade ther- 
mometer, or thermometer of 
Celsius. 

l260 What constitutes the difference 
between these instruTnents t 
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The differences of gradnMion 
between the freezingand boiling 
points of water. Keaumur ia 
divided into eighty degrees, the 
Centigrade into one hwndred^ 
and Fahrenheit's into on% humr 
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Different varieties of thermometers. 



Construction of pyrometers. 



dred cmd eighty. According to Reaumur, water freezes 
at 0°, and boils at 80°; according to Centigrade, it 
freezes at 0°, and boils at 100"* ; and according to Fah- 
renheit, it freezes at 32°, and boils at 212°; the last, very 
singularly, commences counting not at the freezing 
point, but 32° below it. 

The differences between these instruments can be easily seen by refer- 
ence to Fig. 41. 

1261 Jn whai coimiries are the Reaumur and Centigrade thermomeiers 
generaUy used ? 

Reaumur is in general use in Germcmy^ and the 
Centigrade in France ; but for scientific purposes the 
Centigrade is almost universally adopted. 

1262 At what temperature does mercury freeze t 

At about 39° helow the zero of Fahrenheit's thermo- 
meter. 

1263 Sov) are degrees of cold more intense than this measured t 

By using a thermometer filled with alcohol colored 
red, as this fluid when pure does not congeal at 100° 
Fahrenheit below zero. 

1264 At what temperature does mercury boU t 

At 660° Fahrenheit. 

1265 How are temperatures greater than this determined t 

By means of the expansion of solids / and instru- 
ments founded upon this principle are commonly called 
pyrometers. 




Fig. 4a. 
The oonstToction of the pyrometer is represented in Fig, 42. A repre- 
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What is liquefaction f Why loe is melted by beat 

flents a metallic bar, fixed at one end, B, but left free at the other, and in 
contact with the end of a pointer, K, moving freely over a graduated scale. 
If the bar be heated by the flame of alcohol, the metal elq>ands, and 
pressing upon the end of the pointer moves it, in a greater or less degree. 

12366 On whai principle have pyrometers generally been constructed f 

On the rdoiime expcmsion of bars of iron, or some 
other metaL 

1S367 Does a Ihermometer inform us how much heal any tody coiy- 
iainsf 

No; it merely points out a diference in the ternr 
peratvre of two or more substances. All we learn by 
file thermometer is whether the temperature of one 
body is greater or less than that of another; and- if 
there is a difference it is expressed numerically — 
namely, by the degrees of the thermometer. 

It must be remembered that tliese degrees are parts of an arbitrary 
scale, selected for convenience, without any reference whatever to the 
actual quantity of heat present in bodies. 

1S6S After the expansion of solids^ when acted upon by heaty what 
other effect isnead observed t 

They change their original state^ become liquid, or 
melt. Many of them become mft before melting, so 
that they may be kneaded ; for instance, wax, glass, 
and iron; in this condition, glass can be bent and 
moulded like wax, and iron can be forged or welded. 

JLd6d Whai is meatd by liquefadionf 

The conversion of a solid into a liquid by the agency 
of heat, as solid ice is converted into water by the heat 
of the sun. 

1S70 Why is ice melted by (he Tieat of (he sunt 

Because, when the heat of the sun enters the solid 
ice, it foroes its particles amcnderj till their attraction 
of cohesion is sufficiently overcome to convert the solid 
ice into a liquid. 

IST'l Why are metals TneUed by the heat of fire f 

Because, when the heat of the fire enters the solid 
metal, it forces itspoHicles asunder^ till their attraction 
of cohesion is^ sufficiently overcome to convert the solid 
metal into a Uqudd. 
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Wbat Is a solution f Why water dlasolres sagar. 

IST'S WJien scdt is mixed wiXh, water and disappears in (he liquid^ 
wTiat is said iQ have taken place t 

The salt is said to have dissolved in the water, and 
the liquid is now a sol/ution of salt. 
1S73 Wh^ then, is a solution f 

A solution is the result of an attraction or affinity 
between a solid and a fluid ; and when a solid disap- 
pears in a liquid, if the compound exhibits perfect 
tran^arency^ we have an example of Si perfect solution. 

IST'^: When is a soltUion said to be saturated f 

When the fluid has dissolved as much of the solid as 
it is capable of doing, it is said to be saturated: or, in 
other words, the affinity or attraction of the fluid for 
the solid continues to operate to a certain point, where 
it is overbalanced by the cohesion of the solid ; it then 
ceases, and the fluid is said to be saimraied. 

187^6 "Whai is the dijference between a sotuUon and a rmacttire t 

A solution is a chemical unim; a mixture is a mere 
Tnech/mical wnion of bodies. 
X276 Why wUl water dissolve sugar f 

Because there is attraction or affimty between the 
particles of the water and the particles of the sugar. 

IQT^ What do we mean by affinity f 

Affinity is that kind of attraction in virtue of which 
bodies of a dissimilar character combine together into 
a whole, which appears perfectly uniform to the senses, 
even when assisted by powerful magnifying instruments. 

11378 Why toill not water dissolve granite or metaliic iron f 

Because there is not suffiderd affinity or att/ra/stion 
between tie particles of the water and those of the iron 
or granite. 

11379 Are there any Uquids that have sufficient affinity to dissolve iron 
and granite f 

Yes ; certain acids have so great an affinity for the 
iron and granite that they are enabled to dissolve them. 

1280 W?ky vnU not water dissolve oilf 

Because there is no affmity or attraction between the 
particles of tie two substances. 
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Yaporization. Why heat conyerta water into Bteam. 

1281 Why win alcohol and ether dissolve oU t 

Because the attraction or affinity between the alco- 
hol or ether and the oil is sufficient to enable them to 
effect a solution. 

1282 What effect has heal upon (he dissolving power of liquids f 

In most cases the addition of heai to a liquid greatly 
increases its solvent properties. Hot water will dissolve 
much more sugar than cold water, and hot water will 
also dissolve many things which cold water is unable 
to affect. 

1283 Why does not wood meU like metal f 

Because the heat of the fire decomposes the wood into 
gas^ smoke, and asheSy and the different parts aepa/raU 
from each other. 

1284t Whai is meant by vaporizalionf 

The conversion of a solid or liquid into vapor / as 
snow or water is converted into vapor by the neat of 
the sun. 
1286 Why is water converted into steam hy the heat of the fire f 
Because, when the heat of the fire enters the water, 
it senpa/rojtes its glohvle^ into very mvnute particles^ which 
(being lighter than air) fly off from the surface in the 
form of steam, 

1286 Why do doors swell in rainy weaffier f 

Because the air is filled with vapor, which (pene- 
trating into the pores of the wood) forces its pa/rtides 
fartim* apart, and swells the door. 

1287 Why do doors shrink in dry weather ? 

Because the moisture is absorbed from the wood, and, 
as the particles are hrought closer together, the size of 
the door is lessened ; in other words, the wood shrinks, 

1288 Why does a drop of water sometimes roU along a piece of hot 
iron mfhout leaving the least trace f 

Because the bottom of the drop is changed into vapor, 
which Intoys the drop up, without allowing it to touch 
the iron. 

128e WhydoeaUroU^ 
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Tolatile substances. What Is distUlatloii f 

Because the current of air (which is always passing 
over a heated surface) drives it along, 

1890 Why does a laundress put a litUe saliva on aflaJt^iiron to know if 
it he hot erumght 

Because when the saliva sticks to thq iron and is 
evapoTOLted^ she knows it is not sufficiently hot; but 
when it runs along the iron^ it is. 

12G1 Why is the flat-iron hotter if the saUvaruns along it, than if ii 
adheres tiU it is evaporated t 

Because when the saliva runs along the iron, the heat 
is sufficient to convert the hottom of the drop into vapor / 
but if the saliva wHl not roU^ the iron is not sufficiently 
hot to convert the bottom of the drop into vapor. 

. 1892 Ta what substances do we apply (he term " voUUilet" 

To those which have a great tendency to assuTnd th$ 
gaseous form. 

1S93 To what substances do we apply the term ^^fixed,^ or **nonrVola' 

tiur 

To those in which the tendency to assume the gaseous 
form is small. 

X2G4 Do vapors occupy much mare space than the substances from which 
ihey were produced f 

They occupy a much greater spa^e / water, in passing 
fix>m its point of greatest density into vapor, expands to 
sixteen hundred am.d ninety-six times its vohime. 

1J30S XJndsr what two heads does the subject of vaporization di$idd 
itsel/t 

Into ebullition and evaporation 

Xaee WhatisdisiiUaiionf 

A process by which one body is separated from amr 
other by means of heat^ in cases where one of th§ bodies 
assumes the form of vapor at a lower temperature than 
the other ; this fii'st rises in the form of vapor, which is 
received and condensed in a separate vessel. 

1J307 Emo is the process of simple distiQatUm effected f 

A peculiar-shaped vessel called a retort {Fig. 43) is 
half filled with a volatile liquid and heated ; the steam, 
as it forma, passes through the neck of the retort into a 
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Why distilled water Is yeiy pure. 



Constrnctiom of a still. 



glass recewer contained in a vessel filled with cold 
watery and is then condensed. 




Fifir.4S. 

1SG8 Why is water obtained in this maimer by disiiUaf ion purer than 
spring water f 

Because the non-volatile, earthy, and saline portions 
contained in all spring waters do not ascend with the 
vamvy but remai/n in the retort. By this means very 
volatile bodies can be easily separated from less volatile 
ones; as brandy and alcohol from the less volatile 
water which may be mixed with them. 

1239 When the vessel used for generating the vapor is very laarge, what 
isitcaUedf 

A " stilZf^ and, for con- 
densing the vapor, vats are 
constructed, holding ser- 
pentine pipes or ^'wormsy^ 
which present a greater 
condensing surface than 
if the pipe had passed di- 
rectly through the vat 

To keep the cofl of pipe cool, the 
vats are kept filled with cold water. 
(See Fig. 44.) 
In this figure a is a furnace, in 
which is fixed a copper vessel to contain the fluid. Heat being applied, 
the steam rises in the head ft, and passes through the worm d, which is 
placed in a vessel of water, the refrigerator. The vapor thus generated is 
condensed in its passage, and passes out as a liquid- by the external pipe / 
into a receiver. / 

1300 Whai is ihs difference between drying by heat and disHarngt 
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What is eTaporation ? Danger of wearing wet dothes. 

In the one case, the substance vaporized, being of no 
use, is allowed to escape or become dissipated in the 
atmosphere ; while in the other, being tne valuable 
part, it is caught and condensed into the liquid form. 

1301 What is the vapor from damp linen f 

The vapor from damp linen, if caught, would be dis- 
tilled water." 

1303 WJuxi is evaporation f 

The conversion of a fluid into vapor. 

When vaporization takes place only from the Burf§ce of a body, either 
because the heat has access to that part, or because the evolution of 
vapor takes place through the medium of a gas or air already present, the 
action can only be recognised by the diminution of the bulk of the body : 
this phenomenon is called evaporation. 

1303 What effects are produced hy evaporation f 

The substance vaporized absorbs^ heat from the body- 
whence it issues ; and the body, dejprived of a portion 
of its substance by evaporation, loses heat. 

1304 If you wet your finger in your mouthy and hold it up in (he air^ 
why does it feel cold f ' 

Because the saliva quickly evaporates^ and (as it 
evaporates) absorbs heat from the finger^ making it feel 

1305 Jf you "bathe your temples with ether ^ cologne water, spirits, etc, 
why does it ctUay inffmrnnoMon and feverish heatt 

Because these liquids very rapidly evaporate^ and (as 
they evaporate) absorb heat from the burning head^ 
producing a sensation of cold. 

130e Why do we fed cold when we have wet feet or dothes t 

Because the wet of our shoes or clothes rapidly eva- 
porates^ and (as it evaporates) absorbs heat from our 
oody^ which makes lis feel cold. 

1307 Why do wdfeet or dothes give us " coldt" 

Because the evaporation absorbs heat so abundantly 
from the surface of our body, that its temperature is 
lowered bdow its naimral standard ; in consequence of 
which health is injured. 

1S08 Why is it dangerous to sleep in a damp bed f 

Because the heat is continually absorbed from the 
9* 
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Health Injured by reducing the temperature of the body. 

surface of our body to convert the damp of the sheets 
into vapor ; in consequence of which our animal heat 
is reduced odow the healthy standa/rd. 

1SO0 Why is TiedUh injured when (he temperature of ihe body is 
reduced Mow its naiuraX standard t 

Because the ialanee of the ci/roitlation is destroyed. 
Blood is driven away from the external sv/rface by the 
chiUj and thrown upon the internal organs^ whicn are 
oppressed by this increase of Uood, 

X310 Why do we not feel the same sensation of cold if we throw a 
waterproof coat over our wet cloihes f 

Because water-proof coats (being air-tight) prevent 

evaporation^ and (as the wet carmot evaporaie) no heat 

is absorbed fipom our bodies. 

1811. Why does sprinkling a hot room mffi water cool it t 

Because the heat of the room causes a rapid evaporor 
tion of the sprinkled water ^ and as the water evaporates, 
it absorbs h^atfrom the room^ which cools it. 

1312 Why does watering the streets and roads cool them f 
Because they part with their heat to promote the evor 

poration of the water spu^nTded on them, 

1313 Why does a shower of rain cool the air in su/mmer'time t 

Because the wet earth parts with its heat to promote 
evaporation ; and when the earth is cooled, it cools the 
aa/r also. 

1314 Why is linen dried by being exposed to the wind f 
Because the wind accelerates evaporation by removing 

the vapor from the surface of the wet linen as fast as it 
is formed. 

1315 Why does draining land promote wanrUh 

Because abstracting water diminishes evaporation / . 
in consequence of which less heat is withdrawn from the 
earth. 

1310 Why does cultivation increase the warmth of a country t 

A cultivated country is better drained, and laid open 
to the rays of the sun. The forests being cut down, 
the snow quickly disappears in the spring, and the 
earth soon becomes dry. 
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Air cool after a nia. Production and natare of steam. 

1317 Why does bread after the lapse of a few days become dry and 
staUt 

Because the moisture contained in it evaporates ; the 
particles then shrink, and the whole mass becomeB 
hard. 

1318 Why is not (he vapor of (he sea saUf 

Because the salt is always left lehmd in the process 
of evaporation. 

1319 " AU the rivers run into (he sea ;" why is not the sea fuU f 

Because the quantity of water evaporated from the 
surface of the sea is equal to the (^^uantity j^oured into 
it by the rivers ; therefore the sea is never full. 

13SO WhyisUfre^t^jienUycoolerc^ieraraint 

« Because water which falls from the atmosphere soon- 
returns to it in. the form of vapor, carrying with it, in 
the latent form^ a large amount of neaZ taken from 
every object, thus moderating the temperature of the 
earth, and refreshing the animal and vegetable creations. 

13J31 Does evaporation take place from ike surface of snow and ice f 

Yes, to a very considerable extentj even when the 
temperature of the air is ielow the freezing point. 

13J3J3 What is steam? 

The vapor of boUing water, 

1383 Js steam visible or invisible f 

Steam is invisible; but when it comes in contact 
with the air (bein^ condensed into- small drops) it in- 
stantly becomes visible. 

13234: Sow do you know ihat steam is invisible f 

If you look at the spout of a boiling kettle, you wilt 
find that the steam (which issues from the spouts is 
always invisible for about half a/n inch, after which it 
becomes visible. 

1326 Why is the steam invisible for half an inch? 

Because the air is not able to condense it, as it first 
issues from the spout ; but when it spreads and comes 
in contact with a larger volume of air, the in/visibls 
steam is readily condensed into visible drops. 
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' ' ' ■ t 

YapOT of water always eziflts in air. White appearance of steam* 

1386 Does air ever eodat wiifumt steam or vapor of water f 
Air without steam (theoretically called dry aw) fa 
not hnown to exist in na;tv/rey and is probably not pro- 
ducible by art. 

13S7 Is the visible matter^ popularly cdUed steamy reaUy true steam f 
By no Tueans^ and should be carefully distinguished 
from steam proper, or the aeriform state of water. The 
cloud or smoke-like matter alluded to is really not an 
air or vapor at all, but a dust-Kke cloud oi minute 
bodies of liquid water, wafted by a current either of 
true steam, or, more frequently, of mere moist air. 

1.3S8 Js it necessary to the production of steam thai water should he 
raised to the hoUing temperaiwre t 

It is not ; the surface of any watery liquid, dbovt 20® 
wa/rmer tmn any swpervncmnhent a/i/r (however warm 
or cold that may be), rapidly gives off true steam^ which 
is invisible, but which no sooner mixes with colder air 
than it is recondensed into water, and assumes the 
forms of minute globules. 

1889 WTiat catises ike visible white appearance of condensed steam f 

The myriads of minute globules of water into which 

the steam is condensed are separatelv invisible to the 

naked eye, but each, nevertheless, reflects a minute ray 

of white light. The multitudes of these reflecting 

points, therefore, make the space through which they 

are diffused appear like a cloudy body, inore or less 

white, according to their abundance. 

1830 In what manner is (he prodridion of steam in 'boiling water first 
manifested f 

When steam begins to be produced, as in the process 
of making water boil, and the heat overcomes the 
atmospheric pressure on the surface, small bubbles are 
formed, adhering slightly to the sides of the vessel. 

3L3S1 In what parts of (he boiler wiU its development be most conspicvt- 
ousf 

The bubbles are formed most rapidly at those points 
against which the flanje is most strongly directed. 
183S Ebw much lighier is steam than water ? 
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Dlfferoit spaoes oocnpled by Bteam and water. Pressare of steam. 

About 1700 timeB; because a quantity of water 
yields nearly lYOO measures 
of steam at 212* F. 

Fig. 45 repreeents the oomparatire 
Tolame of water and of steam. 

1833 Sow much steam toiU a cubic 
inch of water Jwmsh f 

A cubic inch of water ex- 
pands into about a cfiMcfoot 
of steam at 212** P., under the 
ordinary atmospheric pres- 
sure. 

1334: Upon whai does ike pov}€r of n* 46 

tiea/m, dependf 




On the tendency which water possesses to expwrvd 
into vajpor when heated to a certain temperature. 

1336 WhcU is the most imporimd property of steam f 

Its dasUdty orpressv/re, Bj virtue of this propertjr, 
when freed from the limits which confine it, steam will 
dilate into any space to which it may have access. 

1336 If a quantity of pure steam he cxmfvMd in a close vessel, in what 
moffmer wiU its pressure be eocerted f 

It win exert on every part of the interior of the vessel 
a certain pressure directed outwa/rdsy and having a ten- 
dency to ourst the vessel. 

1337 Sow grecU a pressure does steam, formed under ordinary cir- 
eumstances, /iaw to overcome before ii can rise from the surface of the water f 

That of one (itmo8phere~^fteen pounds on every 
agua/re inch^ or ons ton on every square foot — a force 
equivalent to the strength of six Twrndred horses. 

.1333 What happeins when the temperature of steam generated under 
ordinary pressures is reduced below 212° F. t 

It is immediately condensed into water. 

133G As steam sustains and elevates a weight occasioned by thepresswe 
of ihe aimjosphere, of fifteen pounds per square inch, what takes place when 
a column ofstea/m, is imTnediaidy condensed t 

The atmospheric weight will irmnediatdyfall with a 
force equal to that with which it was raised. 

134:0 How can steam be used to advantage for cooking vegetables, etc 9 
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What is Ugfa-preBsnre Bteun ? Wlutt is a Bteam-engliie ? 

In cookery, if steam raised from boiling water be 
allowed to pass through meat and vegetables, it will be 
condensed upon their surfaces, imparting to them the 
latent heat which it contained before its condensation, 
thus cooking them as effectually as if they were im- 
mersed in boiling water. 

1341 Whai do we mean when we speak ofhigJirpressure steam t 
High-nressure steam is merely steam condensed^ not 
by withdrawal of heat, but by pressure^ rust as high- 
pressure air is merely condensed air. To obtain a 
double, triple, or greater pressure of steam, we mxist 
have twice, thrice, or more steam under the same vo- 
lume. 

134S3 Jb highrpressure siecmij escaping from a "boiler heated to 300** or 
more, hotter than low-pressure steams escaping from a boiler at 212° f 

No ; for the instant that high-pressure or condensed 
steam escapes into the air, it immediately eapands and 
hecomes lov>pressv/re ateam^ and is greatly cooled down 
by its expansion. 

1848 Does high-pressure steam, acting in a boiler ai a high iempem- 
iure, exert a greater mechanical and chemical power than low-pressure 
steam f 

It does; high-pressure steam acting upon bones, 
breaks up and dissolves the whole mass, extracting aU 
the glue and fat, when ordinary steam would dissolve 
nothing. 

In the Western States, where large quantities of lard are manoiactaredf 
the whole hog is exposed to high-pressure steam, and the carcass redaoed 
in a short time to a fat fluid mass. 

1344: Can highpressure steam be raised to a very elewxted degree of 
heaif 

It can / in some of the methods lately introduced for 
purifying oils, etc., the temperature of the steam, before 
its application, is required to be suffidenUy debated to 
enable it to melt leaa, 

184:S What is the steam-engine f 

The steam-engine is a mechanical contrivance by 
which coal, wood, or other fuel is rendered capable of 
executing a/ny hind of labor. 
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Mechanical foi'oe of steam. Comparison of steam power and animal power. 

1340 What substance famishes the means of cdQing the powers of coaX 
into activity f 

Water. 

1347 JIow much water will two atmces of coal evcvporate t 
About a pint. 

1348 How much steam wiU this produce t 
Two hwad/red and sixteeri gallons. 

1349 How much mechanical force cam, this steam exert t 

It can raise a weight of thirty-S€>ven tons to the 
height of one foot. 

1360 WTiat amount of force can a m/an exert when applying his 
strength to ihe test advantage through (he help ofma/Mfiery t 

It has been found by experiment, that a man work- 
ing on a tread-mill continuously for eight hours, will 
elevate one and a half millions of pov/nds to the height 
of one foot. 

1361 WUh how much coal wiU a weU constructed steam-engine perform 
the same labor f 

With the expenditure of apo\md and a half. 

13623 How much coal then would be equivalent to (he average power of 
an abler-bodied man during his active life, supposing him to work for twenty 
years at (he rate of eight hours per day f 

The consumption of about four tons of coal would 
evolve in a steam-engine fully as much power. 

1363 The great pyramid of Egypt is five hm^dredfeet high, and weighs 
twelve thousand seven hundred and sixty millions of pounds, Herodotus 
states that in constructing it one hundred thousand men were constantly 
employed for twenty years. With how much coed could all the materials of 
this pyramid be raised to their presenl position from the ground f 

With the expenditure of fov/r hvmdred amd eighty 
tons of coaL 
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Whftt is TentOsttoa f 



Wanning and yentflalioii of bnlldingw. 



PART "VI. 

VENTILATION AlfD WARMING, COMBUSTION, 
RESPIRATION, AND NUTRITION. 



CHAPTEB I. 



WAEMUra AND VENTILATION. 



1354 WTuUisventUatumf 

VentUation is the act or operation of causing air to 
pass through any place, for the purpose of expelling 
impure air and dfissipating noxious vapors. 

1366 What is the theoretical perfecUon of veniUaUon t 

To render it impossible for any portion of air to be 
breathed twice in the same builoing. 

1356 Upon wliat principle does the whole process of warming and ven- 
tUating hmldings depend f 

Upon the expansion and contraction of air, or, in 
other words, upon the fact that air which has been 
heated and expanded ascends, and air which has been 
deprived of heat, or has become contracted, descends. 

1367 Is there an upward current of air always 
rising from healed substances f 

There is ; air made lighter by heat 
ascends througK colder strata^ as a cork 
(put at the bottom of a basin of water) 
rises to the surface. 

136S Whal simple experiment shows the exist- 
ence of this upward current in an ordinary stove f 

If we attach to the side of a heated 
stovepipe a wire on which a piece of 
paper cut in the form of a spird may 
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Why a fire balloon rises. Where Yentilation is perfect Oxygen. 

be suspended, as is represented in ^ig. 46, the upward 
current of hot air will immediately put the paper in 
motion, and make it revolve rapidly around the wire. 

1369 When a boy makes a fire-baUoorij cmd seta fire to (he cotton or 
sponge (which has been steeped in spirits of mne\ why is Ihe baUoon inflated t 

Because the air of the balloon is esopcmded by the 
heat of the flame, and fills the balloon to its utmost 
capacity. 
- 1360 Why does ihe bdUoon rise after it has been inflated by ihe eoepanded 

Because the same (juantity of air is eo&panded to three 
orfov/r times its original volume ; and made so much 
lighter^ that even wnen all the paper, wire, and cotton 
are added, it is still lighter than common air. 

1361 In what siiuation is ventilation perfectt 

In the open air, because the breath, as it leaves the 
body, is warmer and lighter than the surrounding fresh 
air, and ascending is immediately replaced by an in- 
gress of fresh air ready to be received by tne next 
respiration. 

1365 Why is it desirable to avoid breaihing ihe seme air tioicef 
Air which has been once respired, is unwholesome, 

and not suited to supply the wants of the animal system. 

1363 Wh^ca off-e ihe elements of atmospheric air f 

Oxygen and nitrogen mixed together, in the propor- 
tion of seventy-nine parts of nitrogen and twenty-one 
of oxygen. 

1364 WTiat is oxygen f 

A gasj colorless, tasteless, and odorless ; it is heavier 
than atmospheric air, and is a non-conductor of elec- 
tricity. 

1366 Is oxygen a svbsUmce existing in great abundance f 

Oxygen is the mxyst abundant of all known substances ; 
it constitutes at least one third of the solid mass of the 
globe, eight-ninths of all water, and nearly one-fourth 
part of the atmosphere ; it also exists in most organic 
substances. 

1366 Is oxygen everfovnd in a liquid or solid state t 
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Use of oxygen in the air. Nitrogen, its properties and nsea. 

No ; when pure it is only known in the gaseons state ; 
all efforts to reduce it to a liquid or solid condition by 
cold or pressure have completely failed. 

1867 Of what use is oxygen in (he almaspheret 

It sustains animaZ life and awpporta comhugHon. 

1368 If an anirnai were immersed in oxygen gaSj would it live longer 
than in an equal volume of confined air f 

It would; at the same time animal life could not be 
sustained for any great length of time in an atmosphere- 
of pure oxygen. 

1369 WJuU is meant when U is said (hat oxygen "sustains lifef^ 

It means this : if a person could not inhale oxygen, 
he would die. 

1370 What good does this inspiraiion of oxygen do t 

1. It gives vitality to the blood ; and 

2. It IS the ccmse of animal heat. 

1371 What is nUrogent 

An inmaihle gas existing largely in atmospheric air, 
and in most animal and vegetable substances. 

137d What are its principal choa-actarisiiicsf 

1. It is not combustible ; 

2. It does not mpport ammal life; and 

3. It is the principal ingredient in the composition 
of aimfioypheric air. 

1373 What proportion of the air we breathe is composed of nitrogen t 
About four -fifths of the air ie nitrogefi ; the other 

one-fifth is oxygen. 

1374 Why is there so much nitrogen in the air f 

The uses of nitrogen ai*e in a great measure unknown. 
It has been supposed to act as a dilitent to the oxygen^ 
but it most probably serves some useful purpose in the 
economy of animals and vegetables, the exact nature of 
which has not been discovered. 

1375 Wluxt would he (he effect if the proportion of oxygen in the atmo- 
sphere were increased f 

The infiammahility of most substances would be ir^ 
creasedy fires would bum out very quickly, and the 
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Carbonic acid gas. The composition of the air never yaries. 

functions of life would be called into such rapid action 
as to soon exhaust the powers of the system. 

1373 Are the two gaseSj oxygen and nitfrogen^ exisHng in the atmo- 
sphere^ chemically combined, or merely intermingl&dt 

They are merely mixedy and not combined with each 
other. 

1377 Does the atmosphere always contain aaiy other ingredients besides 
oxygen and nitrogen f 

There is always in the air, at all places, carbonic acid 
gaSj in variable proportions, and watery vapor, besides 
the odoriferous matter of flowers and other volatile 
substances. 

1378 What is carbonic add gas t 

A gas formed by the union of carbon and oxygen ; 
it used to be called Jhced air. Its chemical com- 
position is one atom of carbon united to two of 
oxygen. 

1379 Is the air collected on (he tops of high mountainSj over marshes 
in hospitals, and over deserts, the same in character and composition t 

It is not fovmi to vary^, but is the same in all regions 
of the earth and at all altitudes. 

1380 Are the component parts of air, oxygen, nitrogen, carbonic acid, 
and watery vapors, of different specific gravities, or do they all differ in 
weighif 

They are all different, carbonic acid gas being the 
heaviest. 

1381 Then, as we have before stated that they are merely mixed, and 
not combined, why do they not arrange ihemseives in the order of their densi" 
ties, and float one upon the other, as oil and water do when mingled f 

Because of a wonderful principle or law of nature, 
that when two gases of different weights or specific 
gravities are mixed together, they cannot remain sepa- 
rate, as fluids of different densities do, but diffuse them- 
selves uniformly throughout the whole space which 
both occupy. 

1383 Carbonic acid is twenty times Tieavier than hydrogen gas; if we 
fin the lower part of a taU ja/r with carbonic add, and the ujpper part toith 
hydrogen, will the two gases mix f 

After a few hours the two gases wiU be found eqv^y 
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Tnmgled, as much carbonic acid being at the top of the 
jar as at the bottom. 

1383 Does (his law appear to he opposed to the principles of (he law of 
gravitation t 

It appears to be opposed to it / the only exception we 
are acquainted with in the natural world. 

1384 Row much carbonic acid is estimated to exist in the atmospheref 

About onepaH in tioo thousa/nd^ hy volume, 

1386 If this were aU collected in one layer over the surface of ihe ea/rih^ 
Juno great a thickness wovM this layer or stratum have t 

About thirteen feet. 

1386 Can we breathe carbonic acid f 

No ; the animal immersed in it dies vnstcmUy. 

1387 If ihenj (his singular law of the diffusion of gases did not prevail, 
would the swrfaee of the earth be habitable f 

It would not; carbonic gas would fill up all the 
valleys and lower levels, separating every hiU and ele- 
vation by an invisible ocean of poisonous gas, as im- 
Eassable as the barrier between the dead and the 
ving. 

1388 Is it owing to this law that we cere enabled to enjoy and perceive 
at a distance the odor of a flower-garden^ or the perfvme which has been 
opened in an apartment f 

It is by this law that a vapor, arising by its own 
elasticity from a volatile substance, is caused to extend 
its influence and mingle with the surrounding atmo- 
sphere, until its eflfects become so enfeebled by dilution 
as to be imperceptible to the senses. 

1380 If the oxygen and nitrogen of which our atmosphere is composed 
were combined together^ instead of being merely mingled^ what wotdd the 
compound bet 

A most deadly poison. 

1800 What gas is generated by a Ughted candle or lampf 
Carbonic acid gas — ^formed by the union of the carbon 
of the oil or tallow with the oaygen of the air. 

1391 Under what circtmista/nces does carbon most readily unite with 



1. When its temperature is raised: thus, if carbon 
be red hoty oxygen will mo^ readily unite with it ; 
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2. Carbon in the hlood unites readily with oxygen 
dxjiiixigrespvratiorb; and 

3. Carbonic acid is formed in large quantities during 
the chemical changes which we (^bK fermerUation. 

X89S Is carbonic acid in any degree wholesome f 

JVb ; it is fatal to animal life, and, (whenever it is 
inhalea) acts like a narcotic* poison, producing drowsi- 
ness, which sometimes ends in death. 

1393 When persons commit suicide by building a charcoal fir^ in a 
ciosed rooroj what occasions their death t 

The inhalaUon of carbonic aoid^ which is generated 
by the combustion of the charcoal. 

1304 How can any one know if a place be infested vnih carbonic add 
gasf 

If a pit or well contain carbonic acid, a lighted candle 
(let down into it) will be instantly extinguished. The 
rule, therefore, is this : where a candle will Im/m^ a man 
can Iwe y but what will extinguish a candle^ wiU also 
destroy life. 

1396 Why does a crowded room produce TieadadTief 

Because we breathe air vitiated by the crowd, 

1396 Why is the air of a room vitiated by a crowd t 

Because it is deprived of its due proportion of oxy- 
gen, and loaded with carbonic acid. 

1397 Eow is (he air of a room affected (hus by a crowd t 

The elements of the air inhaled are separated in the 
lungs : the oxygen is converted in the blood into car- 
bomc acid ; and the carbonic acid (together with the 
nitrogen) is Ihrown back again by the breath into the 
room. 

1398 Is aUihe nitrogen receded by the lungs t 

- Yes; aU the nitrogen of the air is always expired. 

1399 Bcyw much oxygen does afuXl-grovm person consume per howr f 

It is calculated that an adult of average size absorbs 

* A narcotic is a substance which, when used as a medicine, relieves 
pain and produces sleep, but in poisonous doses produces death. Opium, 
laudaaum, tobacco^ etc., are narcGtica 
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about a cttbic foot of oxygen per hour by respiration, 
and consequently renders five cubic feet of air unfit for 
breathing, since every five cubic feet of air contain one 
cubic foot of oxygen. It is also calculated that two 
vrax or sperm candles absorb as much oxygen as an 
adult. 

1400 7b Iceep ihe air of a room pwre^ how much fresh air should be 
allowed to pass in per hour t 

Fwe cubic feet for each person, and two and a Thdlf 
cubic feet for each candle, should be allowed to pass in, 
and an equal quantity to pass out. 

l^tOl Why do persons in a crowded church feel drowsy t 

1. Because the crowded congregation inhale a large 
portion of the oxygen of the air, which alone can sus- 
tain vitality and nealthy action ; and 

2. The air of the church is impregnated with carbonic 
acid gas, which (being a strong narcotic) produces 
drowsiness in those who inhale it. 

1402 Why do persons who are mtich in the open air enjoy the best 
heaUh f 

Because the air they inhale is much more pure than 
the air of close and confined rooms. 

1408 Sow does vegetaMon (trees and flowers) serve to purify the airf 

1. Because trees and flowers absorb the carbonic 
acid generated by the lungs of animals, putrid sub- 
stances, and other obnoxious exlialations ; and 

2. Trees and flowei-s restore to the air the oxygen 
which man and other animals inhale. 

1404: Why is the air of cities generally less pure than the air of the 
open country f 

1. Because there are more inhabitants to vitiate the 
air; 

2. The sewers, drains, hins, and filth of a dty very 
greatlv vitiate the air ; 

3. The streets and alleys prevent a free circulation ; 
and 

4. There are fewer trees to absorb the excess of car- 
bonic acid gas, and restore the equilibrivm. 
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1406 Why are persons who live in close rooms and crowded cities 
generally sickly f 

Because the air they breathe is not pure, but is (in 
the first place) defective m oxygen^ and (in the second) 
is impregnated with ca/fbomo acid gas. 

140S Where does (he carbonic acid of close rooms and cities come 
fromt 

From the lungs of the inhabitants, the sewers, drains, 
and other like places, in which organic substances are 
undergoing decomposition. 

1407 Whai becomes of ihe carbonic add generaied in crowded cities t 
It is gradually diffused through the air, absorbed by 

vegetation and by water, and wafted by the winds to 
different localities. 

1408 Does not this constant diffusion of carbonic acid afect the purity 
of (he whole air f 

No ; because it is wafted by the wind from place to 
place, and absorbed in its passage by the vegetable world. 

1409 Whai is choke damp^ 

Ca/rbaiiio add gas accumulated at the bottom of wells 
and pits, which renders them noxious, and often fatal to 
life. It is called choke damp, because it choices (or suf- 
focates) e^ery animal that attempts to inhale it. 

It suffocates without getting into the Jungs^ by dosing the glottis spas- 
modicaSy. 

1410 Why is not this carbonic add taken vpbyihe air and diffused^ as 
it is in cities t 

Because (being heavier than common air) it cannot 
readily rise from the well or pit ; and no wind can get 
to it to blow it away. 

By the chemical law of diffusion, a portion of the carbonic acid which 
accumulates at the bottom of wells and pits, is removed; but in many 
cases this abstraction is more than counterbalanced by an increased 
supply. 

1411 Ebw much carbon in ihe form of carbonic acid passes through the 
lungs of a healthy person every twenty-four hours t 

The quantity would be very accurately represented 
by a Tnass of charcoal of the weight of three pounds. 

The volume of carbon in the atmosphere, although it forms but one per 
cent of the carbonic acid existing in it^ exceeds in amount all the carbon 
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that is stored in the earth in the form of coal, or spread over its sur&ce in 
the form of animals or vegetablea 

1-418 WficU are the chief sources of carbonie add f 

Conilmstiony respiration of men and animals, the 
decomposition of organic a^^^ncea^ and the exhalaMons 
ofvoUanoea. Carbonic acid also exists in large quan- 
tities in the atmosphere, in most waters, and combined 
with minerals in a solid state, as in marble, which con- 
sists of lime united to carbonic acid. 

14:13 From which of these sources is carbonic acid most Ukdy to aocur 
mttlaie to a noxious extent t 

From the fermentation and jputref action of decaying 
vegetable and animal matters. 

1414 Edw can {his a/xumvlaiion of carbomc acid he prevented f 

By throwing quicklime into places where such fer- 
mentation and putrefaction are going on. 

141€S Ebw iffiU quicklime prevent (he accumtdaiion of carbonic acidt 

Quicklime will absorb the carbonic acid^ and produce 
a combination called " carbonate of lime." 

1416 Does not heavy rain^ as well as quicklimey prevent the accurmiJar 
tion of carbonic add t 

Yes / an abundant supply of water will prevent the 
accumulation of carbonic acid, by dissolving it. 

1417 Js the eoctemal air always in motion t 

Some portion of tlie atmosphere is always in motion. 
Currents of warm air ascending, and currents of cold 
air descending. 

1418 Is the air of oiMT rooms always in motion f 

Yes ; there are always two awrrewts of air in the 
room we occupy; one of hot air flowing ov,t of the 
room, and anotner of cold air flowing into the room. 

1410 How do you Tmm thai there are these two currents of air in 
every occupied room f 

If I hold a lighted candle near the crevice at the tcfp 
of the door J the flame will be blown outwards (toward 
the hall) ; but if I hold the candle at the bottom of 
the dooTy the flame will be blown inwards (into the 
room). 



SCIENGE OF CX)MMON THINGS. 213 f 

I 

CauBe of air carrenti at windows and doon. What is a racuam f i 

This is not the case if a fire be in the room. When a fire is lighted, 
an inward current is drawn through all the crevices. 

l^SO Why would the flame be blovm outwards (towards the kaU) if a 
candle be hdd at tlie top of tJie door f 

Because the air of the room being heated, and con- 
sequently rarified, ascends, and (floating about tiie 
upper part of the room) some of it escapes through the 
crevice at the top of the door, producing a current of 
air outwards (into the haW). 

1431 Why would the flame be blown inwards {into the room) if the 
candle be held at Uie bottom of the dovr f 

Because a partial vacuum is made at the bottom of 
the room, as soon as the warm air of the room has 
ascended to the ceiling or made its escape from the 
room ; and the cold air from the hall rushes tmder the 
door to supply the void. 

14i3i3 Whai is meant by a partial vacuum being made at the bottom 
of the room f 

A vacuum means a Y>lsicefrom which the air has heen 
taken; and a "partial vacuum" means a place from 
which a part of the air has been taken away. Thus, 
when the air near the floor ascends to the ceiling, a 
partial vacuum is made near i\\Q floor. 

1423 And how is the vacuum filled up again t 

It is filled up by colder air, which rushes (under the 
door, and through the window crevices) into the room. 

1424 Give me an HQnustraiim. 

If I dip a pail into a pond and fill it with water, a 
hole (or vacuum) is made in the pond as hig as the 
paU ; but the moment I draw the pail out, the hole is 
flUed up by the water around. 

1426 Show how this illustration applies. 

The heated air which ascends from the bottom of a 
room is as much taken away as the water in the pail, 
and (as the void was instantly supplied by other water 
in the pond) so the void of ai/r is supplied by the air 
aroundT 

14S3e Why is a room (even without a fire) generally wartrm ihan (A« 
openairt 

10 
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Why smoko ascends the chimney. 



What is the draught of a chimney ? 



Because tlio air in a room is not subject to mu<ih 
change^ and soon partakes of tlie same temperature as 
our bodies, when it no longer feels cold. 

1437 Why do Vie generally feel colder ovX-^f-doors Qmn in-doorsf 

Because the air (which surrounds us) is always 
chcmging / and as fast as one portion of air has become 
warmer by contact with our body, another colder jpor- 
Hon surrounds us, to absorb more heat. 

1428 Why is there always a draught through the mndow crevices f 
Because the external air (being colder than the air 

of the room we occupy) rushes through the window 
crevices, to sfwpply the deficiency caused by the escape 
of warm air up the chimney, etc. 

1429 Why^ when we kiruUe a fire in a stove or grate^ does the smoke 
asceiui tlie chimney f 

Wlieu a fire is lighted to warm a room, the smoke 
and other gaseous products of combustion, being lighter 
than the air of the room, ascend, and soon fill the chim- 
ney with a column of air lighter, bulk for bulk, than 
a column of atmospheric air. 

14SO Is the column of light air in tlie chimney pressed up by a column 
of equal size on the exterior of the chimney f 

It is. 

1431 What, iJien, is Uie draught of 
a chimney ? 

It is the rate or speed with 
which the column of cold air 
outside the chimney pushes 
up the column of warm air 
inside the chimney, and this 
draught will be strong and 
eflfective just in the same 
proportion as the column of 
air in the chimney is kept 
warm. 




fig. 49 



Fig. Ail represents a section of a 

grate and chimney. C D represents 

p the light and warm column of air with- 
'4 in the chimney, and A B the cold and 
heavy column of air outside the chim- 
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ney. The column A B being cold and heavy presses down, the column 
t) being light and warm rushes up, and the greater the difference bptween 
the weight of these two columns, the greater will bo the draught. 

143S How do chimneys quicken ilie ascent of hoi air ? 

By keeping a long column of it together. A column 
of two feet nigli rises, or is pressed up, with twice as 
much force as a column of one foot, and so in propor- 
tion for all other lengths — just as two or more corks, 
strung together and immersed in water, tend upwards 
with proportionably more force than a single cork. 

In a chimTiey where one foot in height of the column of hot air is one 
ounce lighter than the same bulk of external cold air, if the chimney be 
one 'Tundred feet high, the air or smoke in it is propelled upwards with 
a force of one hundred ounces. 

143«. lb what is {he draught of a chimney in dU cases proportioned to f 

It is always proportioned to its length. 

X4:34z Why are the chimneys of large manufactories generally vei-y 
high? 

A long chimney causes a current 
of air to pass through a fire very 
rapidly, and at the same time very 
umformly. On these accounts, for the 
fires of steam-engines, etc., long chim- 
neys are preferred. 

14:3S Wh£n the temperatu/re of the air in a room 
and of the air oiUside are the same, wiU there he any 
draught up the chimney t 

There will be no draught. 

X436 When there is no fire in stove or grate, and 
the air of a room is warmer than the air outside^ will 
there be a circulaiion up and down the chimney f 

In such cases there will generallv be 
two currents, up and down the chim- 
ney, especially if the doors and win- 
dows of the room be tight. The warm 
air of the room will ascend through the 
chimney, and the cold air descend by 
the side of it, two currents readily cir- 
culating through one tube. The direc- 



tion of the arrows, in JPig. 48, will show rig. 48. 
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the lines of the current, descending the chimney and 
circulating round the apartment. 

143 T Why does an aparimerU often smeli disagreeably of soot in sum- 
mer-time f 

Because the air in the chirrmey (being colder than 
the air in the apartment) descends into the room^ and 
leaves a disagreeable smell of soot behind. 

1438 How ought chimneys to he constructed f 

A chimney should be constructed in such a way 
that the flue or passage will gradually contract fxom the 
bottom to the top, bemg widest at the bottom and the 
smallest at the top. 

1439 Why is it expedient to construct a chimney in 'Jiis manner t 

At the base of the chimney, the hot column of air fills 
the entire passage; but as the hot air ascends it 
gradually cools and contractSj occupying less space. If, 
merefore, the chimney were of the same size all the 
way up, the tendency would be, that the cold external 
air would rush down to fill up the space left by the con- 
traction of the hot column of air. This action would 
still further cool the hot air of the chimney and 
diminish the draught. 

1440 Why wiU a long chimney smokej unless ihefvre he pretty fierce? 

Because the heat of the fire will not be sufficient to 
rarefy all the air in the chimney. 

2.^^!. Why win (he chimney smoke, unless (he fire he fierce enough to 
heai all the air in the chimney-flue f 

Because the cold air (condensed in the upper part of 
the flue) will sink from its own weight ; and sweep 
the asce^ ''n<y smoke hack into the room. 

1442 What is ./': j v^e of a cowl upon a chimney-pot t 

It acts as a screen^ to prevent the wind from blowing 
into the chimney. 

1443 Wh<U harm wotdd the vnnd do if it were to hhw into a chim- 
ney? 

1. It would prevent the smoke from getting out; 
and 

2. The cold air (introduced into the chimney by the 
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wind) would fall down the flue^ and drive the smoke 
with it into the room, 

1444 Why do some chimneys sJnoke t 

Because fresh air is not admitted into a room as fast 
as it is consumed hy the fire / in consequence of which 
a current of air rushes down the chimney to supply the 
defijcienmi^ driving the smoke along with it. 

1446 Why do blowerSf when placed before a grate^ tend to kindle the 
firef 

A blower is a sheet of iron that stops up the space 
above the grate bars, and prevents any air from enter- 
ing the chimney except that which passes through the 
fuel and produces combustion. This soon causes the 
column oi air in the chimney to become heated, and a 
draught of considerable force is speedily produced 
through the fire. The increase of draught increases the 
intensity of the fire. 

144Q Which is the hottest part of a room t 

The upper part, near the ceiling. The warm air 
being the lightest seeks the highest position. 

1447 Which is the coolest part of a room f 

The lowest part, near the floor. Cold air being dense 
and heavy seeks the lowest position. 

1448 By which means is a room better verdikded, by opening the upper 
or the lower sash f 

A room is better ventilated hj opening the upper 
sash ; because the hot vitiated air (which always as- 
cends towards the ceiling) can escape more easiZy. 

1440 Whxxt temperature is most proper for keeping an apartment in 
a Tieaithy and pleasant condition during the cold season? 

From 65° to Y0° F., with a free ventilation, 

1450 How are houses and othei' buildings heaied unth hot air f 

The fire is kindled in a furnace which is erected in 
the cellar. This fire heats the air in contact with it in 
the avr-chomber^ as it is called, and as heated air 
always ascends^ it is forced up into the different apart- 
ments of the building. 
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14:61 Which would prove the warmest upon a bed — a blanket, or an 
oUed silk^ or Indiarrubber air-tight covering t 

The air-tight covering. 

14:6S3 Why do we not use oiled sUk or India-rubber bed coverings in 
ihe winter t 

Because they prevent ventUation, and, by shutting 
in the insensible perspiration, soon produce dampness, 

14:53 Whaiissmolcef 

Small i)article8 of carbon separated by combustion 
from the fuel, but not consuTned* 

14:64: Is there a drcuUxtion of the air through the bed coverings at 

night f 

Yes ; from every part of the bed-clothes immediately 
over the person tnere is a constam/t out/ward oozing of 
warm air, and an oozing inwards of cold air in lower 
situations around. 

14:65 In what two ways is heai commimicaied to aparttnemts by fires 
kept in them t 

By radiation and immediate contact. 

The first portion passes through the air in diverging lines with great 
velocity. The second penetrates slowly through the substance of the 
densest bodies. To enjoy the fiill efifect of radiated heat, we must be in 
the presence or sight of the radiating object To receive conducted heat, 
we must be in contact, either directly or through some intervening me- 
dium, with the body that imparts it 

14:66 Does a person who sits by afire in the open air receive any heai 
by conduction? 

Very little; for the air which surrounds the fire 
having nothing to confine it, ascends hy its dmrniisTied 
spedfa gravity as fast as it is warmed, and its place is 
immediately supplied by strata of cold air from beneath. 

1457 Win a person sitting beside a fire in the open air be exposed, 
upon (he side of his body removed fi^om ihefire^ to additional coldf 

He wiUj because cold currents rush in from every 
side towards the fire. 

14:58 Why are open fireplaces iU adapted for the economical heating 
of apartments f 

In an open fireplace the air fiows from, the room to 
the fire, becomes heated, and passes off directly into 
the chimney, without having an opportunity of parting 
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with its heat for any useful purpose. In addition to 
this, a quantity of the air of the room, which has been 
warmed by radiation, is uselessly carried away by the 
draught. 

l.^Q& What are the adva/ntages of a stove over an open fireplace f 

1. Being detached from the walls of the room, the 
greater part of the heat produced by combustion is 
sa/ved. The radiated heat being thrown into the walls 
of the stove, they become hot, and in turn radiate heat 
on aU sides to the room. The conducted heat is also 
received by successive portions of the air of the room, 
which pass in contact with the stove ; 

2. The air beiu^ made to pass through the jyel^ a 
small supply is su&cient to keep up the combustion, so 
that little need be taken out of the room ; and 

3. The smoke, in passing off by a pipe, parts with 
the greater part of its heat before it leaves the room. 

1AQO What are the disadvarUages of stoves f 

Houses containing them are generally ill ventilated. 
The air coming in contact with the hot metal surfaces 
is rendered impure, which impurity is increased by the 
burning of the dust and other substances which settle 
upon me stove. The air is, in most cases, kept so dry 
as to render it oppressive. 

14:61 Upon what principle are the common hoi-air fuma^xs for warmr 
ing houses constructed f 

A stovej having la/rge radiating surfaces^ is inclosed 
in a chamber (generally of masonry). This chamber 
is generally built with double walls, that it may be a 
better non-conductof of heat. A ourrent of ai/r from 
without is brought by a pipe or box, and delivered unr 
der the stove. A part of tnis air is admitted to supjply 
the combustion ; the rest passes upwards in the cavity 
between the hot stove and the walls of the brick cham- 
ber, and, after becoming thoroughly heated, is con- 
ducted through passages in which its lightness causes 
it to ascend, and be delivered in any apartment of the 
house. 
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146d In ihe construction and arrangemeni of a furnace for warming^ 
what two points are of special importance, so far as regards the economy of 
fvdl 

1. ^Y\i'^ perfect comhustion of the fuel ; and 

2. The best possible* transmission of all the heat 
formed, into the air that is to pass into the rooms of 
the house. 

X4:63 Sow is (he first ofihese requisites obtained t 

By having a good drattght and a fire-box which is 
hroad and shoXU/w^ so that the coal shall form a thin 
stratum ; by which arrangement the carbonic acid gas 
will be freely formed, ana pass off without a previous 
production of carbonic oxide. 

14:64 Row is the second of these re^usites aUainedf 

By providing a great quantity of surf axie in the form 
of pipes, drums, or cylinders, through which the smoke 
and hot gases must pass on their way to the chimney, 
and to which their heat will be imparted, to be in turn 
delivered to the cold and pure air of the rooms of the 
house. 



CHAPTEE II. 



COMBUSTION. 

1466 WhaiiscambveHon^ 

Every species of combustion with which we are 
famiharly acquainted is the rapid chemical wnion of the 
oosyaen of the air with a combustible body, attended 
with the evolution of light and heat. 

1466 Sow may combustion,, as toe ordinairHy see i% he regarded t 

It may be regarded as simply a process qfoaddoMon. 

1467 What do toe mean by the term oxidation t 
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The combination of some substance with oxygen, — 
or the act of combining with oxygen. 

14:08 Is there not always an increase in weight during the combustion 
of inflammaMe materials^ rather than a loss t 

The products of combustion always eosceed the weight 
of the original substance burned, by an amount equal 
to the weight of the oxygen gas absorbed during the 
combustion. 

14:69 What "becomes of the ooDidized prodticts of combustion t 

They for the most part combine with oxygen to form 
gcbses and vapors. We apply to these products the 
general term smoke. 

1470 Whai is an essential requisite to every process of combustion f 

That there should be a free Sfumply of air^ and that 

the products of combustion, or the smohe^ should be 

condv^ted off. 

I.^TI. Why^ when we hum a candle or a piece of wood in the air^ does 
there always seem to he a loss of maiter t 

Because the results of combustion in these cases are 
either gases or vapors^ the existence of which, not being 
apparent to common observation, requires to be made 
known by experiment. 

Until nearly the dose of the last century it was generally believed and 
taught, that when a body was bumed, something went out of it, — that it 
lost weight. Lavoisier, a celebrated French chemist, overthrew this doc- 
trine by burning a substance in connexion with an arrangement whereby 
all the results or products of the combustion were saved. These on 
being weighed showed a gain rather than a loss, the amount being equal 
to the quantity of oxygen which had been absorbed from the air during 
the process of combustion, by the burning substance itself 

14:7S Bow is heat evolved hy combvsUon f 

By chemical action. As latent heat is liberated, 
when water is poured upon lime, by chemical action, 
so latent heat is liberated in comJyustion by chemical 
action also. 

1473 What chemical action takes place in combustion t 

The elements of the fuel combine with the oxygen of 
the air. 

1474 What is the temperature required to induce the combination of 
oxygen with any substance caHed^ 

10* 
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The hurning jpoint, 

1475 Is this point different for different substances f 

It t8 : thus phosphorus will combine slowl;^ at 7Y° F., 
"but does not enter into rapid combustion until the tem- 
perature is raised to 104® F. Charcoal bums slowly 
below a red heat. 

14:76 Is (he quantity of hecU given otU, when a body corribines slowly 
with oxygen^ the same as when it combines rapidly with itj the relative 
quantities of the combining bodies remaining the same in both cases t 

The total quantity of heat given out is the saTne, 
whether the combustion takes place slowly or quickly : 
but in the case of slow combustion, the heat is much 
less intense, and often becomes insensible, because 
during the long time occupied in combination the 
greater part is carried away by conduction. 

1477 Is the quantity of light given out (he same^ whether the combus- 
tion be rapid or slow f 

No : the quantity of light given out during the com- 
bination of oxygen with a given quantity of a com- 
bustible body varies greatly^ according to the rapidity 
of the combustion. 

1478 What is rust f 

The oxidation of iron in moist air. 

1479 When iron rusts in tJie air is heat given out? 

Certainly ; but the process of rusting takes place so 
slowly that the amount of heat given out at any one 
time is imperceptible to our senses. 

1480 What is flame t 

Bui:ning gas or vapor. 

1481 What is fire f 

JETeat and light produced by the combustion of in- 
flammable substances. 

1488 What does the brightness or illuminating power of flame depend 
pnf 

It depends on the degree of heat in part, but mainly 
on the presence or absence of solid particles in the 
flame, wnich may act as radiating points. 

1483 Are there solid particles in every illuminating flame f 



SCIENCE 01* COMMON THING3. 223 

W hen will a lamp smoke ? Benefit of glass chimney on lamp. 

There a/re ; and if we present a cold surface to the 
flame, they become deposited on it in the form of 900U 

14:84 Whm we say a ktmp amokeSj wTuxt do we mean f 

That the solid parts of the flame are passing off in an 
unconsnmed state. 

14:86 When {fie flame burns properly^ why does Ihe smoke cease to he 
emiUedt 

Because the solid particles of carbon constituting the 
smoke are humed v^^ or are completely united with 
oxygen, forming an mvisible gas — carbonic acid. 

14:86 From wTiat source is the carbon^ constituting the tUuminatingpar' 
tides in the one case and ihe socfi in the other, derived^ 

It was originally a part of the huming or corrilmstible 
hody. 

14:87 When vnU aflame smoket 

When the supply of oxygen received from the air is 
insufficient to consume all ihe carbon which the heat 
separates from the combustible body in the form of 
soot. 

14:88 WTiat benefit arises from surrounding a flame vnth a glass cylin- 
der or chimney open at the bottom and top f 

When a flame bums without a chimney, the hot air 
radiates in aU dissections ; but when it is surrounded 
by a chimney, the hot air is confined within the walls 
of the cylinder : consequently, the hot air will^ issue 
rapidly trom. the top of the cnimney, and cold air will 
enter equally fast at tlie bottom to replace it. In this 
way a constant current of fresh air is kept up through 
the centre of the flame, causing a more perfect com- 
bustion, and a brighter and stronger flame. 

14:80 Why in solar and astral lamps do we use a hoUovf or ctreular 
vjickf 

In order that a cwrrent of air may rush up through the 
interior surface of the flame as well as along the exterior. 

14:90 Whatisfiidf 

Any substance which serves as aliment or flood for 
fre. In ordinary language we mean by fuel the pecu- 
liar substance of plants, or the products resulting trora 
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Wfaat ia fliel— carbon— charooal—floot ? 

their decomposition, designated under the various names 
of wood, peat, and coal. 

14S1 What aire (he consUtuents of wood f 
Carbon, hyd/rogen, and oxygen, combined together, 
make up the chief part of its bulk ; all wood also con- 
tains water. 

14ed Whalis hydrogent 

It is an mfiammahlegas, one of the elements of which 
water is composed. Tne gas used in our streets is in 
great part hydrogen. Hyfiogen, when pure, has neither 
taste nor o<£)r. 

1403 WkcA are the peculiar characierisiics of hydrogen gas f 

1. It is the lightest of all known substances ; 
3. It will bum immediately on being ignited ; and 
3. A lighted candle (immersed in this gas) will be 
instantly extinguished. 

14Q4 What is carbon t 

A solid elementary substance, generally of a dark or 
black color, well known under me forms of charcoal, 
lampblack, coke, etc. 

1406 Whai is charcoait 

Wood which has been exposed to heat until it has 
been deprived of all its gases and volatile parts. 

14eS6 Can aU ammdl and vegetable subsUmces, by partial hwming^ be 
converted inio coalf 

They c<m. 

1407 In (he cha/rring of animal and vegetable substances, do we gene- 
raU charcoalf or did U exist there beforet 

The carbon or coal existed there previoudy, though 
in chemical combination with other bodies, which are 

J)rincipaUy driven off by heat, as is apparent from tibe 
Sact that a charred body weighs much less than the 
original substance ; animal and vegetable substances 
consist, therefore, in part of coal. 

14e8 What is soot t 

Coal in a state of mimUe dimsion, which is deposited 
£rom the flame of bituminous or pit-coal, wood, oil. 



J 
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How ebarcoal is prepared. What is mineral coal 

resin, etc., when, during the combustion of these snb- 
Btances, there is an insumcient supply of air. 

1499 MolO is charcoal prepared t 

By charring wood in mounds or pits, covered with 
turf or soil in such a way as to exclude in a great degree 
the admission of air, and thus prevent complete com- 
bustion. 

1500 Whatismineratofha/tdcoalf 

Coal is the product of a vast accumulation of vege- 
table matter, deposited during a 1-emote geological 
period in beds or layers in the earth, and which, by the 
action of pressure, heat, and other causes, has become 
consolidated and hardened into its present form. 

1501 Hoy) does ike coal occur in (he eaarlh f 

In strata or layers, varying from a few inches to 
several feet in thickness, inclosed between other strata 
of limestone, clay, or iron ore. 

160S In what manner is it supposed that ffiis great accumulaiion of 
vegetable TnateHal took pktce t 

The vegetable matter of which coal is composed is 
supposed, by some, to have grown in immense swamps 
or marshes. By others, the vegetable matter is sup- 
posed to have been swept down Vy rivers, and deposited 
at their mouths or estuaries in immense beds. 

1603 Are such occumvlaMons of vegetable moMer^ Virough (he agency 
of rivers J going on at the present dayf 

At the present time the Hed Hiver of Teosas is abso- 
lutely choked v/p with a raft composed of tnmks of 
trees and other vegetable matter, many miles in extent, 
and of unknown thickness. Other rivers of the South- 
western United States bring down vegetable materials 
annually, suflSicient for the production of vast beds of 
coal. 

1604 How do we hnov) thai-coal is aU vegetable matter f 

. Because in every coal mine we find the leaves, 
trunks, and fruits of trees in immense numbers, many 
of them in a most perfect state of preservaMon ; so 
much so, that the botany of the coal period can be 



SdENCE OF COMMON THINGS. 



Difference between anthracite and bitaminous coaL 



studied with nearly as ^eat ease and facility as the 
botany of any given section of the present surface of 
the earth. 

160S Whai occasions the difference between bituminous and aTithracite 
coait . 

Bituminons coal contains a large amount of hitumen 
and other pitchy volatile substances which readily 
ignite and bum with smoke and flame. In anthracite 
coal these substances have been driven out ; it is there- 
fore a purer variety of carbon, and burns without smoke 
or flame. 

160e Are (he deposits of coal of very greai eoUefott 

They are ; mineral coal exists in all the great divi- 
sions of the earth. The largest deposits of coal, how- 
ever, occur, in the United States, in Pennsylvania and 
the Valley of the Mississippi. 

1507 Why wiU notmstones do for fuel as well as coalt 

Because they contain no hydrogen, and little or tw 
carbon. 

1608 Of what are oil, taUojff, and wax composed t 

Principally of carbon and hydrogen gas. The solid 
part is carbon, the volatile part is hydrogen gas. 

1509 At what period of the year does wood contain the greaiest amount 
of water f 

In the spring and summer, when the sap flows freely 
and the influence of vegetation is the greatest. 

1510 Why is wood generally cuJt in the mnter season t 

Because at that season there is but Utile sap in the 
tissues, and the wood is drier than at any other period. 

1611 Why is it difficult to inflame coal or hard wood with the blaze of 
amatchf 

Coal and hard wood on account of their density are 
good conductors, and carry off the heat of the kindling 
substance, so as to extinguish it, before they themselves 
become raised to the temperature necessary for their 
combustion. 

1618 Why is it easy to ignite light fuel with a small blaze f 

Light fuel being a slow conductor of heat kindles 
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easily^ and, from the admixture of atmospheric air in its 
pores and crevices, bums out rapidly, producing a com- 
paratively temporary, though often strong heat. 

1613 In recently cut wood, what proportion of its weight is water f 

Fi»m onerfifth to one-half. 

1S14 After wood has been dried in the air for ten or iwetve rrumihs^ 
how much water does it usudRy contain t 

From twenty to twenty-five per cent. 

ISlC Why do we caU some woods hard^ and others soft t 
This distinction is grounded upon the facility with 
which they are worhm^ and upon their power oi pro- 
ducing Jimt. Hard woods, as the oak, beech, wamut, 
elm, and alder, contain in the same bulk more solid 
fibre, and their vessels are narrower and more closely 
packed than those of the softer kinds, such as pine, 
larch, chestnut, etc. 

161G Bow mjany pounds avoirdtypois are there in a cord of dry^ hard 
woodi 

From forty-four hundred pov/nds in a cord of dry 
hickory, to twenty-si^ hundred in a cord of dry, soft 
maple. 

1517 What is the most valuable wood for fudf 

The varieties of hickory ; after that, in order, the 
oah^ the appl&-tree^ the white^ashy the dog-wood^ and the 
leech. 

1518 Whai woods give otU the least heat in bwmtrbgf 
The white-pine^ white-hirch^ andpcplar. 
1619 Why is it tmprofUdble to bum green wood or wet coal f 

It is a well-known law of heat that the evaporation 
of liquids^ or their conversion into steam, consumes or 
renders latent a great amount of caloric. When green 
wood or wet cod are added to the fire, they abstract 
from it by degrees a sufficient amoimt of heat to con- 
vert their own sap or moisture into steam before they 
are capable of being burnt. As long as any consider- 
able part of this fluid remains unevaporated, the com- 
bustion goes on slowly, the fire is dull, and the heat 
feeble. 
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16SO la there any truth in (he remark often made " that it is economy 
to hum green wood becainse it is more durable, and therefore in the end more 
cheap ?" 

1^0 ; it IB true that the consumption of greea wood 
is less rapid than dry, but to produce a given axjaount 
of heat, a far greater amount of fuel must be con- 
sumed. 

15S1 In ordinary fud^ whai three elements enter into (he process of 
combustion f 

Hydrogen gas^ carbon^ and (m/gen gas; the two 

former in the fuel, and the latter principally in the air 

which surrounds the fuel. 

16S2 What cJiemicdl changes in air and fuel are produced by oomr 
bustionf 

1. Some of the oxygen of the air, combining with the 
hydrogen of the fuel, forms vapor of water j and 

2. Some of the oxygen of the air, combining with the 
carbon of the fuel^ forms carbonic acid gas. 

1S83 Why is there more smoke when fresh fuel is added than when the 
fud is red hot f 

Because more carbon and volatile matters are sepa- 
rated from the fuel than can be reduced hy combvsiion) 
and the sui'plus flies off in smoke. 

1&^<k Why is there so little smoke with a red-hat fire f 

Because the entire surface of the coals is in a state of 

combustion ; and, as very little of the escaping carbon 

remains unconsumed, there is but little smoke. 

1686 When a coal fire is lightedj why are paper and wood laid at the 
bottom, against the graie t 

Tliat the flame may ascend through the fuel to heat 
it K the fire were kindled from the top^ the flame 
would not come in contact with the fuel placed below. 

1686 Why do we cover up afire with ashes or cinders to preserve it t 
The covering of ashes or cinders protects the fire 

from the action of the air, and when fuel is deprived of 
air it ceases to bum. 

1687 Why does afire burn so fiercely in windy iveather f 

Because the air is rapidly changed, and affords 
plentiful nourishment to the fire. 
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1688 Why does a pair of beUows aid in kindling afire t 

Because it ch*ive8 the air more rapidly to thef/re^ and 
the plentiful supply of oxygen soon makes the fire bum 
intensely. 

15SB Why does water eoctinguish a firet 

1. Because the water forms a coating over the fuel, 
which keeps it from the air ; and 

2. The conversion of water into steam draws off the 
heat of the burning fuel. 

1S30 Why does a blast of air from a pair of heUows often extinguish a 
red-hot coal of anthracite f 

Because the cold air absorbs the heai, of the coal so 
quickly that it extinguishes it. 

1631 Why can you not light a candle or lamp tffith a match so long as 
the sulphur on the end of it is burning f 

The chemical reason for this well known fact is, that 
the sulphurous add^ formed by combustion of sulphur 
in the air, surrounds the wick^ and abstracts the oxygen 
from the air, by passing to a higher state of oxidation ; 
and this heavy vapor hangs about the wick and excludes 
the air. 

1638 Cannot wood he made to hlaze without actual contact with fire f 

Yes ; if a piece of wood be held neo/r the fire for a 
little time, it will blaze, even though it does not toi^h 
thejwe. 

1633 Why wtU wood Uaze, even if it does not touch the fire t 

Because the heat of the fire drives out the injkmir 
maiblegas of the wood, which gas is ignited by contact 
with the red-hot coals. 

1634 Whai causes the heat of fire? 

The ca/rhon of fuel (when heated) combines with the 
oxygen of the (Z^V, and produces carbonic acid gas. 
Again, the hydrogen of the f%oel combining with other 
portions of oxygen, condenses into water } by which 
chemical actions heai, is evolved. 

1636 Whence does the Tieat of a dunghiU arise t 

As the sira/Wy etc., of the dunghiU decays, it under- 
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goes fermentatioiij which produces carbonic acid gas ; 
and heat is evolved througn a species of combustion. 

leSQ On what does the intensity of fire defpend t 

The intensity of fire is always in proportion to the 
quantity of oxygen with which it is supplied. 
1687 Wky does stirring a dtaUfire serve to quicken it t 

Because it breaks up the compacted cinders and 
coals, making a passage for the air into the very heart 
of the fire. 

1638 Why is the flame of a candle extinguished when blown by the 
breathy and not made more intense, Uke afire t 

Because the flame of a candle is confined to a very 
small wick, from which it is severed by the breath, and 
(being unsupported) must go out 

1639 When a chimney with an openfirephce gets on fire, and bums so 
as to endanger the house, how may it at once be extingmshedf 

By throwing a quantity of brimstone or sidphur into 
the fire, and dosing wp the ii/repla^e with a fireboard or 
screen. The sulphurous acid soon fills the chimney, and 
taking up all the oxygen from the contained air, ex- 
tinguishes the fire. Even the fire, after it has extended 
into the woodwork of the house, may be extinguished 
by this simple method. 

1640 Fire in a chimney may be also exiinguished by dosing the top of 
the fine with a damper : how does this extinguish the fire t 

It cuts of the draughty and the carbonic acid gene- 
rated by the combustion soon puts an end to the fSe. 

1S41 Whai is meant by spontaneous combustion f 

Combustion produced without contact with ji/re or 



1648 (%ve weanea;ampfeo/5po7itow60!«com6t«^«)«. 
OHed cotton amd rags imbued with any drying oil, 
when packed in mass in a barrel, take fire, after a time, 
at ordinary temperatures. Mixed lampblack and lin- 
seed-oil cake take fire at ordinary temperatm'es, if the 
lampblack is in excess, or a portion of it is dry. 

1643 Wheti is generaUy the cause of spontaneous combustion f 

The absorption of odcygen. Porous bodies, that are 
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at the same time bad conductors of heat, by the 
absorption of oxygen may become red hot, and finally 
burst into a flame. 

15-4:4: Is pine charcoal capable of taking fire at an extremely low tem- 
perature f 

Porous bodies, like pine charcoal, when perfectly 
dry, absorb oxygen rapidly from the air, and take fire 
at a temperature below 212® Fahrenheit, or the boil- 
ing-point of water. 

This has been proved by actual experiment, a piece of light pine char- 
coal taking fire on a surface of sheet iron, heated below the boiling-point 
of water. 

164:6 Why are not dR flames eqmUy luminous f 

The luminosity of a fiame depends npon the presence 
of incandescent solid matter in it. Hence those gases 
and vapors can only become luminous which produce 
or deposit solid or hquid matter during their combus- 
tion. 

164:6 Upon what fad, does (he production of artificial ligM depend f 

Upon the fact that at certain high temperatures all 
matter becomes luminous. 

164:7 In order that we may profUdbly use a combustible body for illu- 
minating purposesy what is required of (he products of the combustion t 

That thej should be volatile, and freely escape from 
the immediate vicinity of the illuminating centre. 

164:8 TTie product of aU fhe ordinary forms of combustion is a gas — 
carbonic acid : what would have been ihe resniU if the product of every com- 
bustion had been a permanemt solid? 

The world would have been bwried beneath its own 
ashes, " 

164:9 Why is Ihe flame of an ordinary flre yellow t 

Because the heat is not sufficient to render the car- 
bon white hot. Increase the intensity of combustion, 
and the color of the burning bodies or the fiames rises 
from red to yellow, and from yellow to white. 
1660 A candle bums when lighted : exphm how (his is t 
The heat of the lighted wick decomposes the tallow 
into its elementary constituentSj hydrogen and carbon. 
The hydrogen is nrst consumed as a gas by itself with 
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an almost imperceptible light, but with a powerful 
evolution of heat; this causes the carbon, simultane- 
ously eliminated, to become incandescent and conse- 
quently luminous. 
lOSl As more carbon is successively eliminated^ what becomes qfUf 

The moment the incandescent floating carbon comes 
to the edge of the flame, it finds the oxygen of the air, 
unites with it, and becomes converted into the inviaiMe 
gas, carbonic acid, while its place is occupied immedi- 
ately by another portion of solid carbon. 

166S3 What if there is not suffiaent oxygen to consume the carbon f 

It then passes off as soot, and we say the candle 
smokes. 

1663 Where is the tdUow or wax of a candle decomposed f 

In the wick. The melted tallow or wax rises wp the 
wick by capillary attraction, and is rapidly decom- 
posed by the heat of the flame. 

1S64: Of whxd three parts does (he flame of every lamp or 
candle consist? 

The flame of every lamp or candle consists 
of three cones. The innermost cone {a, Fig. 
49) consists of gaseous matter produced by the 
decomposition of the tallow ; this is at a tem- 
perature below redness. Around it is the lu- 
minous cone (5), consisting of burning hydro- 
gen, in which the particles of carbon float at a 
white heat; and on the very outside (c), a 
thin, hardly-perceptible veil in which carbon- 
is burning. The veil is of a blue color, most 
plainly seen at the bottom of the flame. 

1666 Which is the hottest part of the flame f 

The pale blue jlame / this marks the point where 
the combination of the oxygen, supplied from without, 
with the combustible matter evolved from the interior 
takes place. 

1666 Why does the flame of a candle point upwards f 

Because it heats the surrounding air, which (being 




Fig. 49. 
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hot) rapidly ascends^ driving the flame upwards at the 
same time. 

IBST* Why does the Tiand^ held above a candle^ suffer more from heai 
ikan when it is placed below the flame, or on one side of it f 

Because the hot gases and air (in their ascent) come 
in contact with the hand placed above the flame ; but 
when the hand is placed helow the flame, or on one 
side^ it only feels heat from radiation. 

16S8 Why is not the wick of a candle consumjed f 

The wick, although it is blackened by the heat, is 
prevented from consuming, merely because it is sur- 
rounded hy inflammable vapor ^ so that the oxygen of 
the atmosphere has no access to it. 

1669 Why do dU dosed lamps require a smaU hole in ike top f 

To admit the air; otherwise the pressure of the 
atmosphere will prevent the oil from ascending the 
wick; if the hole be obstructed, the oil will sometimes 
oveiflow from the expansion of the confined air. 

1660 Why do we use ground-glass globes for lamp shades t 

To relieve the eye from the glare of light. Ground- 
glass shades have the effect to disperse the rays by the 
numerous reflections and refractions which they occa- 
sion ; until at length the Ught issues from all parts of 
their surface, and it appears as though the glass itself 
were the luminous body. 



CIIAPTEE III. 

KESPIRATION AND NUTBinOK. 
1661 What is respiration f 

The act of inhaling air into the lungs, and again 
eoepeUing it 
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1.S62 What is the object of drawing air into the lungs and again expdr 
ling it f 

To oxidize the carbon and hydrogen of the blood. 

1663 We receive into the lungs oxygen through the medium of (he atmo- 
sphere, mingled with nitrogen : what do we expdfrom (he lungs f 

The nitrogen returns unaltered; the oxygen unites 
with the carbon of the blood to form a gas — corrionio 
acidy and with hydrogen to form the va^or of water, 

1664: Are not (hese the same products of every ordinary form of com- 
bustion f 

They are ; therefore respiration or hreathing is but 
a form of combustion. 

1665 H is estimated (hat a rrvan receives vnio his system about eigM 
hundred pounds of axygen Jrom (he atmosphere in a year, but his weight ai 
(he end of the year has increased but litde, or not ai all : what becomes of aU 
this oxygen f 

No part of it remains in the body, but is given out 
again, combined with carbon and hydrogen. 

1566 Bow much carbon passes out of (he system of an adidt man by 
the agency of respiration daily f 

About three pounds. 

1567 Bow is (his great abstraction of material from (he body made up t 

By theybc>^ which we eat. 

1568 Whai are the lungs f 

Lungs are made up of bloodvessels imbedded in a 
fleshy substance which we denominate cellular tissue, 
and expanded over the walls of a series of chambers or 
cavities. 

They are so situated in the thorax (or chest) that the air m,ust enter 
into them whenever the cavities of the thorax are enlarged. Tlie process 
of breathing is performed thus : When we inhale, the tiiorax (or chest) 
is expanded ; in consequence of which a vacuum is formed round the 
lungs, and the heavy external air instantly enters (through the mouth and 
throat) to supply this vacuum. 

When we exhale, the thorax contracts again; in consequence of 
which it can no longer contain the same quantity of air as it did before, 
and some of it is necessarily expelled. When this expulsion of air takes 
place, the lungs and muscular fibres oii\\Q windpipe and gullet contract in 
order to assist the process. 

1560 To what may the mechanism of the lungs in respiration be com- 
pared f 

To the acUon of a bellows. 
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15 7*0 Do we respire or absorb and expel oxygen in any other way than 
tJirough the lungs f 

We breathe also in a degree throngh the pores of 
the skin, absorbing oxygen and expelling carbonic acid. 

1671 Bo extensive bums on the surface of the body frequently produce 
diseases of tfie lungs f 

They do. 

157^ Why shovM extensive bums on the surface of the body tend to 
produce diseases of the lungs t 

While in a condition of health, the skin tranquilly 
aids the lungs in the expulsion of carbonic add from 
the body ; but the portion of the skin which has been 
scorchea by an extensive bum, no longer being able to 
perform that function, the lungs are obliged to assume 
an eoctra duty, and suffer as a consequence of their 
exertion. 

1573 If by neglect of loashing, we suffer the skin to become covered with 
impurities^ do we not disturb the heaWiy action of the system f 

We do ; there is no better-established law of health, 
than that the surface of the whole body should be kepi 
clean and free from all impurities. 

1574 If the carbon taken from the system tJirouyh tlie agency of the 
lungs be not testored^ whai is the consequence ? 

Starvation ensices. 

1575 iIqh; c[q^ fji^ oxygen we inhale mingle with the blood f 

The oxygen of the air is absorbed in the lungs by the 
blood, and imparts to it a bright red color. 
157© Eono does oxygen convert the color of blood into a brigJU red f 

The coloring matter of the blood is formed by very 
minute globules floating in it. The oxygen uniting 
with these globules changes their color to a bright rea. 
The blood contains iron, and this metal is supposed to 
play an important part in the coloration of the blood. 

1577 What cohyr is the blood before it is oxidized in the kings f 

A dark purple ; the oxygen turns it to a bright redx 

1578 Do ploffiis respire as weU as animals f 

They do ; and their leaves may be regarded as per- 
forming for them similar offices as the lungs of amnials. 
They are the breathing organs of plants. 
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167D h there any difference between the respiration of plants and 
animals f 

The process of respiration in plants is exactly the 
reverse of that in animals. Animals absorb oxygen^ and 
give out carbonic acid ; plants, on the contrary, absorb 
carbonic acid^ and retunv oxygen. 

1680 It is estimated that the population of London adds to the atmo- 
sphere daily 4,500,000 pounds of carbonic add: how is this immense quan- 
tity of deleterious gas removed from tJte atmosphere f 

Principally through the agency of jplantSj which 
absorb it. 

1581 Do water-plants purify and free water from carbonic acid in the 
same manner Uuit land-plants purify the aim/osphere f 

The respiration of fishes produces carbonic a^d^ and 
unless this is removed from the water, ammial life will 
cease to eodst in it. Water-plants absorb the carbonic 
acid fix)m the water, and restore tlie oxygen. 

158S During bright weather^ the leaves of water-plants^ it wiU be no- 
ticed^ are covered with little bubbles : what are these bubbles f 

Oxygen gas^ liberated by the organs of the plant. 

1C83 It is good policy, in fountains and reservoirs of water^ to free 
ihem wholly from the presence of vegetable and animal organisms f 

It is not : they are both dependent on one another^ 
and the joint action of the two serves to keep the water 
pure and wholesome. 

1584 What is the cause of animal heatf 

The oxygen of the atmosphere, received into the blood 
in the lungs, and cvrculated throuahout every pa/rt of 
the anvmcXbody^ acting upon the elements of the food^ 
is the chief source of animal heat. 

1585 Why does oxygen received into the blood produce heat f 
Through the medium of the capillary vessels oxygen 

absorbed from the atmosphere unites with carbon and 
hydrogen. Tliis union is a species of combustion, and 
produces heat in the same manner as when oxygen 
unites with fuel in an ordinary fire. 

1686 W?iat are the capillary vessels f 

Mimcte bloodvessels or t/ube^ as small as hairs run- 
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Wby no beat in the hair. Two kinds of blood, yenons and arteriaL 

ning aU over the hody / they are called capillary from 
the Latin word capiUa/ris^ " like a hair." 

1687^ Bo these capillary vessels run dU over the human hody f 

Tea. Whenever hlood fxma from a womid^ some 
vein or vessel must be di/mded : and as you can bring 
blood from any part of the body by a very slight 
wound, these little vessels must run through every part 
of the human frame. 

1688 Sow do hydrogen gas and carbon gel into these very smaU 
vessels f 

The food we eat is converted into blood, and blood 
contains both hydrogen and carbon. 

1689 Does (his cornbusHoUf and (he consequent production of animal 
Tieaif take place in every pari of (he hodyf 

In the animal body, heat is produced only in those 
parts to which a/rterial hloodj and with it the oxygen 
absorbed in respiration, is corvoeyed. 

16dO Why is there no heai developed in hair^ wool, andfeaJShers f 

Because they receive no arterial bloody and therefore 
in them no heat is developed. 

1601 WJiai two kinds of blood are (here in (he animal body f 

Arterial blood and venous blood. 

16ed Whai is the difference between iheimf 

The arterial blood going from the lungs eon/veya the 
oxygen which it has absorbed in the lungs to the capil- 
lary vessels. In these the combustion takes place, and 
the color of the blood changes from a bright to a dark 
red color. 

16d3 Wfiat becomes of (he blood after it has given up its oxygen to (he 
hydrogen and carbon in the capillary vessels f \ . 

It enters the vemSj carrying with it the products of 
combustion. The venous blood passes to the limgs, 
throws oflF the products of combustion, absorbs more 
oxygen, becomes converted into arterial blood, with 
a renewal of color, and is again returned into the 
system. 

16d<4 What becomes of the carbonic acid gas formed in the human 
Uoodf 

11 
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Why a dead body is eold. Why we peiqiire. 

The hmg% throw off abnost all of it i/rUo ihe aa/r^ by 
the act of reapi/rat/Uyn^ 

169S Does ihe heat of Ihe human tody arise from the so/me eanas as 
ihe heat of fire f 

Tes, precUdy. The carbon of the hlood combmea 
^vith the oxygen (yf the air inhaled^ and produces ooa 
Ionic acid gaSy wnich is attended with combustion. 

1690 If animal heai is produced hy combustion, why does not iht 
human body bum up like a coal or candle f 

It actually does so. Every muscle, nerve, and oraan 
of the body actually wastes away like a lywmvng caaiale} 
and (being reduced to air and ashes) is rejected froxa 
the system as useless. 

1507 If every bone, muscle, nerve^ and organ is ihus eonswnsd 5y com- 
busiion, why is not ihe body entireHy consumed} 

It would be so, unless the parts destroyed were per- 
petually renewed ; but as a lamp will notffo out so long 
as it is supplied with fresh oily neither wifl the hody be 
consumed so long as it is sv,jpfpliedwith sufficient food. 

X6d8 Whai is ihe principal difference bekoeen iheoombustion of a firt 
w lamp, and thai of the human body f 

In the human body, the combustion is effected at a 
much lower temperature, and is carried on more slowly^ 
than it is in a lamp or fire. 

IGOe Whyisadeadbodycoldt 

Because air is no longer conveyed to the Ixmn after 
respiration has ceased; and therefore animal neat is 
no longer generated hy combustion, 

1600 Why do we perspire when very hot f 

The pores of the body are like the safety-valves of a 
steam-engbie ; when the heat of the body is very great, 
some of uie combustible matter of the blood is thrown 
off in perspiration, and the heat of the body is thereby 
reduced. 

1601 Why does eocercise make us warm, f 

Because we inhale air more rapidly when we exer- 
cise, and cause the blood to pass more rapidly through 
the hmgs in aontaet with it 
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Starvation and its eifeota. Food the tat\ of the body. 

1608 Why does inhaUng air roupidly make the body fed warm t 

Because more oxygen is introduced into the body ; 
in consequence of which the combustion of the blood is 
more ramdj the blood itself more heatedj and every 
part of the body is made warmer. 

1S03 When a man is starved what part of the body goes first f 

First the fat, because it is the most combustible; 
then, the muBcle»; last of aU, the brain ; and then the 
man dies, like a candle which is lywrrd out. 

1604: Why does a man shrink when starved f 

Because the ca^piUary Ji/res feed upon the human 
hody when they are not supplied with food-fuel. A 
starved man shrinks j%tst as a f/re does when it is not 
supplied with fuel. 

ie05 WhaXisfvdofth/elody^ 

Food is the fud of the hody. The ca/rhon of the 
food, mixed with the oxygen of the avr, evolves heat 
m the same way that a fire or candle does. 

1006 Why does hard work produce htmger f 

Because it produces quicker respiration ; by^ which 
means a la/rger arrwvmt of oocygen is irvtroduced into the 
lungs, and me etwiUa/ry commstion increased. Hun- 
ger is tihe notice (given by our body) to remind us that 
our foodfttd must be replemshed. 

ie07 Why do persons feet lossy and averse tb eooerdse when they are 
haJf-starved or iUfed f 

Because desire for muscular action ceases when the 
body is not siepplied with nutritious food. 

1008 Why do we Wee strong meai and greasy food when the weather 
is very cold? 

Because strong meat and grease contain lar^e pro- 
portions of carbon and hydrogen, which (when burned, 
m the blood) produce a larger amount of heat than any 
other kind of food. 

1609 Why are the EsquimaufC so passionateily fond of tram oil and 
whaie bhMer f 

Because oil and blubber contain large quantities of 
carbon and hydrogen, which are exceedingly combus- 
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AetlTlty dJaagreeable In warm weather. 

tible ; and as these people live in climates of i/ntenae 
cold^ the heat of their bodies is increased by the greasy 
nature of their food. 

ISIO Why do we fed lazy and averae to activity in very hot weather f 

Because muscular activitjr mcreasea the heat of our 
body by quickenmg respiration^ and lessens our desire 
for active exertion. 

1611 Row much more carbon do we throw off )rom fhe system by reapi^ 
raJbion in winter than in awnmer f 

Full one-eighih more. 



i 
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WlmtiflUghtr Ught poflieases no welf^t 



PAKT vn. 

LIGHT. AND HOW WE SEE. 



CHAPTER !• 



NATUBB AND LAWS OF UQHT. 

1619 Through what agency cbUme am we enabled to tmjcy ike mm pf 
tighif 

Through the agency of light 

1613 Whaiis light f 

Light is now believed to be caused by the agitation, 
vibration, or undulation of an elastic fluid which is sup- 
posed to occupy and pervade all space. We call this 
supposed fluid ether, and its undulations or vibrations, 
reaching the eye, affect the optic nerve, and produce 
the sensation which we call light 

1614: What analogy ia there hetween ihe eye and Iheearf 

The vibrations or undulations of the ether pass alone 
the space intervening between the visible object and 
the eye in the same mcmner that ihe undulations of the 
mvy produced by a sounding body, pass through the 
air between this body and the ear. 

1616 ^ toe colled a large quantUy of Ughi in one point by means qf a 
glass, and throw it upon the tnost sensitive balance, does it indicate anyper- 
cepi^le weight f 

It does noty in the slightest degree. 

1616 What are (he chief sources of ligJUf 

The sim^ the stars, jwe or comiustumy electricity ^ and 
j>hospharescence. 

1617 WUhwTiat velocity does light move ihrough apace f 
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Yaloelty of Uf^t WliyaaiineBazflicMaarelitllUiiitaiidofhexBdalL 

"With a velocity of one hvmdred wnd nmety-two tTum- 
scmd miles in a second of time. 

1618 Ihes aU UgU travel equdOyfastf 

Yes ; the light of the sun, the light of a candle, or 
the light fromnonses, trees, and fields. 

leid Bow long a Ume does it rehire for KgM to ^^aaafirom (he sun to 
iheearthf 

Eight mi/mdea wnd thirteen seconds. . 

16dO Bow much time is requuured for a ray of Ught to traverse the 
epace intervening between the nearest fixed sUara and the eaaih f 

More than siic yeairs ; and from the farthest nebnlsQ 
hundreds of years wiU be required. 

1681 Whai, ffiereforef woM le (he coneequence if one o) ihe rmuM 
fiaoed stare were to-day " blotted from the heavens f* 

Several generations of tlie earth would jpass xvumi 
before the obliteration could be known to man. 

16d8 In whaX mammer do the moon amd the planets give Ught t 

They shine onlv by means of the sim^s Ughi, which 
is reflected from their surfaces. 

1683 Where does the Ught of houses, trees, andfidds comefromf 

The light of the sun (or of some artificial light) is re- 
fleeted from their surfaces. 

1684: Why are some suitfaoes hrHUaini {Uke glass and ^eeQ and etOnen 
duUUkekadf 

Those surfaces which reflect the most light are the 

^ost hriUicmtj and those which absorb light are d%iU. 

1686 Bow does the vdodty of light compare toUh the speed of a ho^ 
motive f 

Light passes fix)m the sun to the earth in about eight 

minutes ; a locomotive engine, travelling at the rate 

of a mile in a minute, would require upwards of one 

hundred and eighty years to accomplish the same 

journey. 

1686 Bow does the Ught ofthefuU moon compare wiffi that of the sunt 

It is estimated to be three hundred thousand times 
weaker than sunlight. 

1687 Tha velocity of light is demonstrated by observations on (he 
wtautes of Jupiter. WiU you eaplam how this can be proved f 
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Telocity oi light determined from obeerrations on Jupiter's aetallites. 

The earth revolves around the sun in an orbit of 
which the sun is the centre. We are able to calculate 
the exact time when an observer standing in the centre 
of the earth's orbit, — that is, in the sun, would see an 
eclipse of Jupiter's satellite ; but as the earth moves 
round llie sun in its orbit, it is broujght at one time 
ninety-five million of miles nearer Jupiter than the sun 
is, and at another time it is carried nmety-five millions 
of miles further oflT. Now, when the earth is nearest 
to Jupiter, the eclipse takes place eight minutes in 
advance of the calculated time, and when it is ninetv- 
five millions of miles farther off, the eclipse occurs eignt 
minutes later than the calculated time. This delaj is 
occasioned by the fact, that in the one case the hght 
coming from the satellite to the earth has to traverse a 
much greater distance than in the other ; and if die 
light requires eight minutes, or 480 seconds, to move 
ov^ 96,000,000 of miles, it will require one second to 
move over 197,000 miles, or it will move nearly 
200,000 miles in one second. 




Clg.W. 



The «3qplaiiatioii above given will be made clear by referenoe to th« 
ibUowing diagram, Fig. 60, S represents the sun, a & the orbit of the 
earth, and T T the position of the earth at different and opposite points 
of its orbit •/'represents Jupiter, and Ej its satellite, about to be eclipsed 
by passing within the shadow of the planet Now the time of the com- 
mencement or termination of an eclipse of the satellite, as stated from 
calculation in tables, is the instant at which the satellite would appear to 
enter or emerge from the shadow, if it could be seen by an observer from 
the sun, S, If the transmission of light were mstantaneous, it is obvious 
that the light coming from Jupiter^s satellite, Ej would be seen at th« 
game moment at the points 2^ iS and r. Bat repeated obMrvationiAiowM 
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How ft mnltltiule of penons see the same ol^eot BhadowB. 

that the eclipse takes place eight minutes earlier than the calcolated 
period when the earth is in the nearest point of its orbit, as at 2^ and 
eight minutes later when she is in the opposite part of her orbit, as at 2*, 
the difference in the distance of these two points from the sun being 
96,000,000 of miles. 

1688 Why can a fkousamd jpersons see (he same object at the aams 
tmef 

Because it throws off from its surface an infinite 
number of r^s in all directions ; and one person sees 
one portion of these rays, and another person (mother. 

IGdd Why can wenotaeethe stars in the day-tme f 

Because the light of the sun is so powerful that it 
eel^^ees tlie feeble light of the stars ; in consequence 
of which they are invisible by day. 

X630 In what manner is light propagated f 

In ripkt Imes from every luminous point, every such 
line being called a ray of ught 

1631 What do toe mean hy a pencU of 
Ughtf 

A collection of radiating Imea 
or rays, as seen m Fig. 61. 

163d WhaiisdarleMSsf 

The absence of Ugkt. 

1633 WhaJtisashadowf '^•"* 

A shadow is the name given to the compa/ratim 
dmkness of places or objects, which are prevented by 
intervening things from receiving the di/rect rava of 
some luminous body shining on the objects around. 

1634: Why cannot we see through a crocked tube as well as through a 
straight onef 

Because light moves only in straight Unes. 

1636 Whai is the phOosophy of taking aim with a gun or arrowt 

In taking aim with a gun or arrow, we proceed upon 

the supposition that light moves in straight lines, and 

try to make the projectile go to the desired object as 

nearly as possible by the path along which the light 

comes from the object to the eye, 

1636 Why does a carpenter look akmg the edge of a plank to see if U 
is straight f 
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Mtrron. Beileetion ot light. Inddence and wileetloii. 

If the edge be straight and uniform, the light from 
all points of the edge will come to the eye reguUmly 
and vniformly ; if irregularities, however, exist, they 
will cause the light to be i/rreguLwr^ and the eye at 
once notices iJie confusion and the point which occa- 
sions it. 

87 WTuxiis a mirror f 

Any substance reflecting light. The term is gene- 
rally applied to glass covered on the back with quick- 
silver. 

1638 WJim UghifaMa n/pon a tody^ in whxd three ways may U dispose 
of itself f 

It may be reflectedj refracted, or absorbed. 

X63d WhoA do we mean when we speak ofUght being reflected? 

When a ray of light strikes a^inst a surface, and is 
caused to twm hack or rebomid m a direction different 
from whence it proceeded, it is said to be refl,ected. 

1640 Why do we see ourselves in a mirror f 

Because Uie rays of light from our face strike against 
the glass, and (instead of being transmitted) are reflect- 
ed, or sent back again to our eye. 

1B41 Why are the raysofUgU reflected by a mirrort 

Because they cannot pass thraagh the impenetrable 
TnetoH with which the back of the glass is covered ; so 
tibey rebound back, just as a marble would do if it were 
tibrown against a wall. 

IS'^ba When a m/orble is rolled towards a waUf what is the path 
through which it runs caUedf 

lie line of vnddence. 

164:3 When a marble rebounds back again^ what is the path it then 
describes caSedf 

The line of reflection. (See 
Mg. 62.) 

If A B be the line of inddenoe, 
then B E is the line of reflection; 
and vice versd. 

1644 When the light of our face 
goes to the glass, what is the path 
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lines of inddenoe and refleotioiL Why tnngeB appear Inyerted in water. 

The line of incidence. 

1646 When (he Ught of our face is refledod back ogam from (he m/ir' 
roTf whai ie this returmng path caBedf 

The line of reflection. 

1©4:0 WTuU ia (he angle of incidence t 

The angle between the line of incidence and ihe per- 
pendicular. 

ie4:7 What is (he angU of refUcHmf 

The angle between tJie line of reflection and the per- 
pendicular. (See Fig. 52.) 

Let F B G (Fig. 68) be any surfaoe ; D B a perpendicular to it If a 
marble were thrown from E to B, and bomided back to A, then E B D 
would be the angle of incidence, and DBA the angle of reflection. 

164:8 Why does (he image of any object in water dhoays appear in- 
vertedf 

Because the angles of incidence being always equal 
to the angles of renection, die light of the object, reflect- 
ed to our eyes from the surface of the water, comes to 
us with the same direction as it would have done, had 
it proceeded directly from an inverted object in the 
water. 

lu Mg, 53, the light proceeding from the ar- 
row-head, A, strikes the water at F, and is re- 
flected to D, and that from the barb, B, strikes 
the water at E, and is reflected to 0. A spec- 
tator standing at Gr will see the reflected 
lines, E G and F G, as if they proceeded di- 
: rectly from C and D. Now we always judge 
: of the position of an object according to the 
direction in wliich the rays of light repre- 
senting it come to the eye, and for this 
Fig. 68. reason the image of the arrow, A B, reflect- 

ed fix>m the surface of water, appears to be 
kx»ted at CD. It is also plam that A (the more elevated object) 'will 
strike the water, and be projected from it more perpendicularly than the 
point B ; and therefore the image will seem inverted. 

1649 If we toy a looking-glass upon (he floor ^ with its face vppermostt 
and place a candle beside i^ why wiU (he image of (he candle seen in (he 
mirror by a person^stcmding opposite to (he candle, seem as mwch below (he 
surface of the glass as the candle itself stands above (he glass t 

Because the incident ray coming from the top of the 
candle, strikes the surface of the glass, and is reflected 
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Why the Image in » xnirfor eeems behind the glasSb 



in the same direction that a ray of light would have 
taken, had it really come from a candle situated, as 
much below the surface of the glass, as the first candle 
-was above the surface. This fact will be clearly shown 
by referring to Fig. 64, 




««. 54. 

IdCO Why^ when we lock into n plane mirror (the eovhimon looking* 
glass) does owr vma^e appewr io be at the same distance behind the swrfaos 
of the glass, as we are be/ore the surface f 

Because the lines and angles of incidence being 
always e^ual to the lines and angles of reflection, the 
rays which proceed from each point of our body 
before the mirror will, after reflection, proceed as if 
they came from a point holding a corresponding posi- 
tion behind the mirror; — and therefore produce the 
same effect upon the eye of an observer as if they 
actually had come from 
that point 

For this reason our reflec- 
tion in a mirror seems to ap- 
proach us as we walk towards 
it, and to retire from us as we 
retire. 

The whole subject of the re- 
flection of images being gene- 
rally of difficult comprehen- 
sion by most persons, Fig. 56 
is introduced as a means of 
further explanation. 

Let A B be a part of aa 
olDJect placed before a looking- 
glass MN. Let AB and AG 
be two rays diverging from it, 
and reflacted from B and G to 
aa «^ atO. After reflexi<m 
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Peculiarities of reflected light 

fhey will proceed as if they had issued from a point a as far behind 
the surface of the looking-glass, as A is before it — ^that is to say, the dis- 
tance A N will be equal to the distance a N. In seeing an object with 
the eye, we fix upon its position according to the direction in which the 
rays of light coming from it proceed, and do not take into account the 
fact that tbe rays have been reflected from their origmal course. 

3.66X Js (he same quantity of ligTU reflected ai dJO, angles^ or incUnor 
Uonet 

It IB not : when the angle or inclination with which a 
ray of light strikes upon a reflecting surface is great, 
the amount of light reflected to the eye will be con- 
siderable ; when me anrfe, or inclination is small, the 
amount of light reflected will be diminished 

166d Why does a spectator^ standing upon the bank of a river, see the 
images of tJie opposite bank, and objects upon it reflected in the water, buJt 
not the images of any near object f 

Because the rays of light coming from distant objects 
strike the surface of the water very obliquely, and the 
light reflected is sufficient to make a sensible impres- 
sion upon the eye, while the light proceeding from 
near objects strikes the water with little obliquity, and 
the light reflected is not sufficient to make a sensible 
impression upon the eye. 

TbiB feet may be clearly seen by reference to Mg. 56. 




Fiff.58. 

Let S be the position of the spectator ; and B the position of distant 
objects. The rays R and B R which proceed from them, strike the 
surface of the water very obliquely, and &e light which is reflected in 
the direction R S is sufficient to make a sensible impression upon the 
eye. 

But in regard to objects such as A placed near the spectator, they are 
not seen reflected, because the rays A R' which proceed from them strike 
the water with but little obliquity ; and consequently, the x>art of their 
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Why windows blaze at sanset 



light which is reflected in the directioii R' S, towards the spectator, is not 
sufficient to produce a sensible impression upon the eye. 

16CS3 Why do windows seem to blaze at sunrise and sunset t 

Because glass is a good reflector of ligJd, and the 
rays of the sun (striking against the window-glass) are 
reflfected, or thrown bacE 

XS54 On a lake of waier the moon seems to make a path of light 
Uwards the eye of the spectator^ while aU the rest of the lake seems dark : 
why is this f 

The reason of this appearance is that every little 
wave, in an extent perhaps of miles, has some part of 
its rounded surface with tiie direction or obliquity 
which, according to the required relation of the angles 
of incidence and reflection, fits it to reflect the light to 
the eye, and hence everv wave in that extent sends its 
momentary gleam, whicn is succeeded by others. 

16CS5 In a shed of waier at noon^ the sun appears to shine upon only 
one spotj and all the rest of the water seerns dark : why isthist 

Because the rays fall 
at various degrees of 
obliquity on the water, 
and are reflected at 
similar cmgles: but as 
only those which meet 
the eye of the spectator 
are visible, all the water 
will appear dark ex- 
cept that one spot. 

Here, of the rays S A, S B, 
and S C, only the ray S 
meets the eye of the specta- 
tor D. The spot 0, therefore, 
will appear luminous to the 
spectator D, but no other spot of the water 

166Q Why can we not see into the street or road when candles are 
Ughtedf 

1. Because glass is a reflector, and throws the candle- 
light ia^k vrdo the room again ; and 

2. The pupil of the eye (having become conira^ted 
by the light of the room) is too sraaU to collect rays 
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When aie alndows laige, lod wben smalir 



enough from the dark street to enable tis to «ed 
into it 

1667 Why do we <fien aee (he fire reflected in our windows in winiet' 
timet 

Because glass is a good r^fiector^ and the rays of the 
fire (striking against the window-glass) <^e reflected 
hack into the room o/gam. 

1G68 Jfiheehadow ofanotjectbe thrown on a waUj (he doaer (he oH^feci 

is held to (he candle^ (he larger 
will be its sJiadow : why is (hisf 

Because the rays of 
light diverge (from the 
flame of a candle) in 
straight lines^ like lines 
drawn from the centre 
of a circle. 

Here the arrow A, held dose 
to the candle, will cast the 
shadow B F on a wall ; while 
the same arrow, held at Q 
would cast only the little 8hA> 
fig. 58. dow D E. 

lese Bow do we judge of the position, distance, and sisoeojan <Aied t 

We judge of the position and distance and size of an 
object Dy me relative direction of lines drawn from the 
object to the ej^e, and by the ande which the intersec- 
tion of these hnes makes with tne eye. This angle is 
called the angle of vision. 





Fijr. 09* 



The student will bear in mind that an angle Is simply the incUnation ' 
of two lines without any regard to their length. Thus, in Mg. 69, the 
indinAtion of 1^ Hnes, caused by rays of light proceeding fbom A and 4 
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How we esttDuto fhe Omb and posltloii of dlrtant oldeets. 

and torn O and D, and meeting at the eye, farms an angle at the point 
of intersection, which is the eye. This angle is the angle of vision. As 
the inclination of the ines proceeding from A and Bj and from C and D, 
is the same^ the aisles will be equal, and the man and ^e bird will ap- 
pear of the same size. 

1660 Why does a man on the top of a momicm or churelhapire aeem 
iotfeno larger &an a crowf 

Because the angle made in onr eye by the jperpen- 
diciUar height of the mam, at that distance is no larger 
than that made by a cnm dose ly. 

Let A B {J^, 69) be a man on a distant mountain or spire, md (72> a 
crow close by, the man will appear <mly as high as the line C D, which 
is the height of the crow. For the same reason the trees and houses fiur 
down a street or avenue appear smaller than thpse near by. 

1S61 Why does (he moon appear to its so much larger than the star$, 
(houghf infactf itisa greai deai smaUer f 

Because the moon is very much nearer to ita than any 
of the stars. 




Let J. P represent a fixed star, and D the moon. The angle of 
vision, A OBf which the fixed star, A B^ makes with the eye is evidently 
less than the angle of vision, G GD^ which the moon makes with the eye. 
But we judge of the size of a body by the size of the angle, and therefore 
the moon, which is nearest and makes the greatest angle of vision, ap- 
X>ears the largest A B, though much the larger body, will appear no 
bigger than E F; whereas the moon {G D) will appear as large as the 
^e, 67 2), to the spectator, G, 

The moon is 240,000 miles flx>m the earth, not quite a quarter of a 
msOUm of miles. The nearest fixed stars are 20,000,000,000,000 (that is, 
twenty billions). 

166S3 Why does the moon (which is a spTure) appear to he a fixA siwr* 
facet 

Because it is eofwr off that we cannot distinguish any 
difference between the Uwgth of the rays issuing from 
the edge and those which issue from the (xmi/re. 
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Why ot^ects in the shade seem dark. Telescopea 

The rays A D and Ch 
appear to be no longer 
-3) than the ray B 1>; but if 
all the rays seem of tiie 
^ ^ same length, the part B 

will not seem to be nearer 
to us than A and C; and therefore ABC will look like a flat or straight 
line. Therays^ 7) and G I) are 340,000 miles long. The rayBVia 
238,910 miles long. 

1663 An object in t?ie shade is not so hrighl and apparent as an offjed 
in ike sun : why is it not f 

Because objects in the shade are seen by reflected 
light refiectea ; that is, the light is i/wice reflected; 
and, as the rays of light are always absorbed in some 
measure by every substance on which they fall, and 
also scattered by irregular reflections, therefore in the 
two reflections much light is lost, and the object is seen 
with less distinctness. 

Part of the rays are absorbed, and part are scattered in all directions 
by irregular reflections ; so that rarely more than half are reflected, even 
finm the most polished metals. 

1664 Why is it light when the sky is covered with thick clouds f 

Partially because the sun's light is transmitted 
through the clouds, and partially on account of die 
multiplied reflections of light in tne atmosphere. 

166CS What is ike use of telescopes t 

They gather together the rays of light, and a greater 
number are thus brought to the eye. 

1666 Eow can these rays he gathered together f 

Rays of light diverge — that is, spread out in all direc- 
tions — ^from a luminous object. The number of these 
diverging rays which will enter the eye is limited by 
the size of tne pupil. But before thev reach the eye, 
they may be received upon a glass lens of a convex 
form, which will have the effect of collecting them into 
a space less in magnitude than the pupil of the eye. If 
the eye be placed where the rays are thus collected, all 
the light will enter the pupil. 

The light which produces vision, as will be more fkilly explained here- 
after, enters the eye through a circular opening called the pupil, which is 
the black drcolar spot surroundeil by a colored ring, appearing in the 
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How telescopes assist the sight 
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centre of the front of the eye. Not^, zz the rays of light proceeding from 
an object diverge, or spread out, the number which vnll enter the eye will 
be limited by the size of the pupil. At a great distance from an object, 
as will be seen in Fig. 62, few rays will enter the eye; but if| as in Mg. 
63, we place before the eye a piece of glass, called a lens, so constructed 
as to collect all the diverging rays together, the light will be concentrated 
at one point, and in sufficient quantity to enable us to see distinctly. 

iee7 Why do telescopes enable us to see objects invisible to the naked 
eyef 

Because thev gather together more luminous rays 
from obscure objects than the eye can, and form a bright 
image of them m the tube of the telescope, where T)y 
means of lenses they are magnified, 

1668 When a ship {out at sea) is approaching (he shore^ why do toe 
see the smaU masts before we see the buUcy huUt 

Because the earth is round; and the ctt/rve of the sea 
hides the hull from our eyes after the tall masts have 
become visible. 




Fig. 64. 

Here only that part of the ship above the line A C can be seen by the 
spectator, A ; the rest of the ship is hidden by the swell of the curve D B. 

The diminution of the size of a ship seen at sea, owing to the convexity 
of the earth and the distance of the observer, is also illustrated in Mg. 65. 

1669 WJiat is meant by the rejradion oflightt 

Light traverses a given transparent substance, such as 
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Beftactton of Mg^ ▲ itldt partiaUy In witer seems brokAn. 





Vlg.«B. 

ai^ water, or glass, in a straight line, provided no 
renection occurs idid there is no change of deni^tj in 
the composition of the medium ; but when light passes 
from one medAmn into (mother, or from one part of lite 
same medmm into another part of a different density^ 
it is hent from a straight line, or refracted. 

J) In Fig. 66, suppose n oi to represent the sor- 

I ftoe of water, and S O a ray of light stnkint? 

I upon its sor&ce. When this ray S O enters 

I the water, it will no longer pursue a straight 

I course, but will be refracted, or bent towards 

the perpendicular line, A B, as in the case of S 

I H. The denser the water, or other fluid, may 

be, the more the ray S H will be refracted, or 

fig, ^ '' turned towards A B. 

1670 Does air possess the property of refracting ligU f 

Yes ; the more dense the air, the greater is it^ refrao- 
tvoe power. 

1671 Why does the part ofasUck immersed in ihe footer appear heni 
or broken? 

The water and the air being of different densities, 
the rays of light proceeding from the part of the stick 
contained in the water are refra/sted, or caused to deviate 
from a straight line as they pass from the water into 
11 the air; consequently that portion of the 
stick immersed in the water will appear 
to be lifted m>, or to be hent in such a 
manner as to form an angle with the part 
out of the water. 

The bent appearance of the stick in water is repre- 
sented in Fig. 67. For the same reason, a spoon in a 
glass of water, or an oar partially immersed in water, 
\. 0k alwaya appears bent 
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Birers deeper than they i^pear to be. Oomponnd nature of white light. 

1678 Why does a river akoays appecvr more ahaJBow than U reoByief 

Because the light proceeding from the bottom of the 
river is refractm as it emerges out of the water, and 
causes the bottom to appear devated. 

1373 Eow much deeper is a river ihan U seems tohef 

About one-third. If, therefore, a river seems only- 
four feet deep, it is really six feet deep. 

Many persons get out of their d^th in bathii^ in oonseqnence of this 
deception. 

The following sknple experi- 
ment illustrates the effect of re- ^^^ 
fraction: — Place a silver ooii^ i 
971) at the hottom of a basin, Fig. « ^^^^ 
68. The rays, i % proceeding to , ^y^^^ 
the eye ftom tiie olver surmce, 
render the coin TisibleL The 
point O) the eye, is tiien moved 
fiurther back, so that the edge of 
the basin obstructs tiie direct 
rays, aod of course the coin is ^__^_^_ 
no longer seen. If an attendant fig. 68 
carefully pours water into the 

basin, so that the object is not moved, it will presently, as the water i 
in the .basin, become agpain visibla This arises from the refracHon of the 
rays by the water, the image, indeed, appearing at n instead of at m. 

1Q74 iff a ray of white UgM simpie or compound f 

Every ray o£ white light is oompoimded of other rays 
of colored UgM. 

X&7& Into how mamy parts may a ray ofUght he divided f 
Into three parts : Uv>e, yellow, and red. 

These three colors, by combination, make seven : l^red; % orange (or 
red and yellow); 3, ydlow; 4^ green for yellow and blue) ; 6, Wwe; 6, if^ 
digo (a d^e of blue) ; and, 7, vioki (or blue and red). 

1676 Sow is ii known thai a ray of light consists of several different 
colors f 

Because if a ray of light be cast upon a triangular 

Siece of glass (called a prism), it will be distinctly 
ivided into seven colors : 1, red ; 2, orange : 3, yel- 
low ; 4, green ; 5, blue ; 6, indigo ; and, 7, violet 

167^ Why does a prUm divide a ray of light into various colors f 
Because all these colors are refracted, or bent out of 
their course differently. Bed is refracted lectst, and 
blue the most ; therefore, tibie hlw ray will be bent to 
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Eflfeots of s prism in aepanting the rays of ligbt 



the top of the prism, and the red will remain at the 
bottom. 




km. bU. 



This separation of a ray of solar light into different colors, by refiractioii, 
is represented in Fig, 69. A ray of light, ^ ^ is admitted through an 
aperture in a window-shutter into a darkened chamber, and caused to M 
on a prism, P. The ray thus entering would, if allowed to pass unob- 
structedly, have moved in a strught Une to the point K, on tiie floor of 
the room ; but the prism being so placed that the ray may enter and quit 
it at equal angles, it will be re&acted in such a manner as to form on the 
opposite side of the room an oblong image called the solar spectrum, 
divided horizontally into seven colored spaces or bands of imequal exten^ 
succeeding each other in the order represented: red^ orange, yellow, green, 
blue, indigo, violeL 

1678 Are the colored rays, once s^Mxrated and reacted from (he 
prism, capable of being separaied and refracted again t 

They are not, and are hence designated as primary 
colors. 

1670 If the seven different colors as sq>arated by t?ie prism be again 
collected together, what will they form f 

White light. 

1680 7b wlial is the greai brilliancy of the diamond and oOter precious 
stones duet 

To their power of refracting light; they are also 
artificially cut in such a manner as to form a series of 
prismSj which separate the rays of light falling on 
mem into their component colored rays. 

1681 What is a rainbow f 

The rainbow is a semicircular hand or arcj composed 
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Prodnctioii and explanation of the rainbow. 



of the different colors, generally exhibited upon the 
clouds during the occurrence of rain in sunshine. 

If we take a glass globe filled with water, and suspend it at a certain 
height in the solar rays above the eye, a spectator standing with his back 
to the sun will see the refraction and reflection of red light ; if, then, the 
globe be lowered slowly, the observer retaining his position, the red light 
will be replaced by orange, and this in its turn by yellow, and so on, the 
globe at different heights presenting to the eye the seven primitive colors 
in succession. If now, in the place of the globe occupying different posi- 
tions, we substitute drops of water, we have a ready explanation of the 
phenomena of the rainbow. 




Fig. 70. 



Let Aj Bj and (7be three drops of rain; SA^SB^ and 8 (7, three rays 
of the sun. SAla divided into three colors ; the blue and yellow are 
bent above the eye, i>, and the red enters it. 

The ray, <S» -B; is divided into three colors; the blue is bent above the 
eye, and the red falls below the eye, 2>, but the yellow enters it. 

The ray, S (7, is also divided into the three colors. The blue (which is 
bent most) enters the eye ; and the other two fall below it. Thus the 
eye sees the blue of C, and of all drops m the position of C; the yellow 
of Bf and of all drops in the position of B; and the red of J^ and of all 
drops in the position of A ; and thus it sees a rainbow. 

1688 WhiU is (he occasion of (he rairibow t 

The rainbow is produced by the refraction ana re- 
jection of the solar rays in the drcfps oifaUmg rain, 

1683 Whai aire the conditions necessary in order thai we may see a 
rainbow f 

The rainbow can be seen only when it rai/ns, and in 
that point of the heavens whicn is opposite to the swn. 
It is necessary also that the sun should not have too 
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great an (lUitude above the horizon. Hence, within a 
certain interval each day, no visible rainbows can be 
formed, on account of the eun's high altitude above the 
horizon. 

1684 How do we know that (he rainbow remUsfrom (he decomposition 
of the solar rays by drops of water f 

Because in the case of cascades and water^faUsy the 
spray and the drops of moisture dispersed over the 
grass and the spiders -webs produce the samej^henoTnena. 

X686 Does every person see the same colors from (he same dropsf 

No ; no toio persons see the same rambow. 

To another spectator, the rays from 8 B {Fig. 70) might be red instead 
of yellow;, the ray from 8 C7, yellow; and the bine might be reflected 
from some drop below G. To a third person, the red may issae from & 
drop above A, and then A would reflect the yeUo w, and B the bhie, and 
Boon. 

1686 Why are there often two rainlows ai one and the same timet 
The first, or primary iow^ is formed bv t^oo refrac- 
tions of the solar ray, and one reflections tne rajs of the 
sun entering the drops at the topy and being reflected 
to the eye &om the bottom. 

Thus hi j^. 71, the ray S A of the 
primary rainbow strikes the drop at A, 
IS refl-acted or bent to B, the back part 
of the inner sor&oe of the drc^ ; it is 
then refracted to G, the lower part of 
the drop, when it is refracted again, 
and so bent as to come directly to the 
eye of the spectator. 

The secondary, or outer bow, is pro- 
duced, on the contrary, by two refrae- 
lions and two reflections^ the ray of 
light entering the drops from the bot- 
tom, and being reflected to the eye 
from the top. 

Thus in Fig, 73, the ray S B of the 
secondary bow strikes the bottom of 
the drop at B, is refracted to A, is then 
reflected to C, is again reflected to D, 
when it is again r^racted or bent^ till 
it reaches the eye of the spectator. 

1687 Why are the coiors of the 
second bow oil reversed f 

ffiff.n. Because in ofM bow we see 
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Oolon in a soap-babble. Origin of morning and eyenlng twilight 

the rays which enter at the top of the rain-drops, 
refracted from the bottom : 

But in the other bow we see the rays which enter at 
the hottom of the rain-drops (after two reflections) 
refracted from the top. 

The position and formation of the primary and secondary rainbows are 
represented in Fig. 73. Thus in the formation of the primary bow, the 
ray ef light S strikes the drop n at o^ is refracted to n &, thence to g^ and 
leaving the drop at this point, proceeds to the eyes of the spectator at 0. 
In the formation of the secondary bow, the ray S' strikes the drop p at the 
bottom at the point i, is refracted to d^ thence to/ and again to e, pro- 
ceeding firom the top of the drop, also to the eye of the spectator at 0. 

The reason why the primary bow exhibits the stronger colors is, be- 
cause the colors are seen after one reflection and two relictions ; but the 
colors of the secondary (or upper) rainbow undergo too reflections and 
tu;o re&actionSi 




less Why does a soap bubble exhibit 8uch a variety of colon f 
Becanse the thickness of the film throngh which the 
rays pass is constantly varying. 

1689 Why is a soap bubble so constantly changing its thickness t 

Because the water r%ms down from the top to the 
bottom of the bubble, till the crown becomes so thin as 
to burst. 

3 60O Whai is the cause ofmvnwng and evening twilight f 

"When the sun is below the horizon, the rays which 
strike upon the atmosphere or clouds are lent down 
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Lenies «nd their Tuietiefl. What Is a foeoB of light f 

towards the eoHh. and produce a little light called twi- 
light. 

leai What i8 a lens f 

A piece of gl<i88 or other transparent svhstance^ 
bounded on both sides by polished spherical surfaces, 
or on the one side by a spnerical, ajid on the other by a 
plane surface. Bays of Ught passing through it are 
made to change their direction, ana to magnify or 
dimmish the appearance of objects at a certain distance. 

1698 Bern mamy varieHea of lenses (vre generaJB/y recognised t 

Two : cawoex and ooncan)e. 

FUr.74. 

Among convex lenses are the double convex A {Fig. 74) to which the 
appellation lens was originally applied from its resemblance to a lentil- 
seed {Jens in Latin) being bounded by two convex spherical sui&oes 
whose centres are on opposite sides of the lens; the plano-oonvez B, 
having one side bounded by a plane sur&oe, and the otiier by a convex 
sur&oe ; and the meniscus or concavo-convex G, bounded on one sde by 
a concave, and on the other by a convex sur&oe. 

There are also three principal varieties of concave glasses; as the 
double concave D, bounded by two concave surfeces, forming portions of 
spheres whose centres are on opposite sides of the lens; the plano- 
concave B, bounded on one side by a plane, and on the other by a 
concave surface ; and convexo-concave F, bounded by a convex sur&ce 
on one side, and by a concave one on the other. 

leea WJuxtisafocusofUghtf 

"When rays of light continually ajyproach each other, 
86 in moving to a point, they are ^aid to converge, and 
the point at which the converging rays meet is called 
lihQjocus. 

1604 WJMil soH of a UfM is a c(mim<m lum- 
ing-glcusf 

A double convex lens. 

Mg. 76 represents the action of a double con- 
vex lens in causing the rays of light to converge 
and meet at a focus. 

Fig, 78. X696 What are iranspareni hocUes t 
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Opaqne and traoBparent bodle& Absorption of llgfit. 

Those which do not interrupt the passage of light, 
or which admit of other bodies being seen thrcyugh 
them. 

1696 When is a "body said to be opaque t 

When it entirely j[^event8 the passage of light. 

1697 Jb there <my body perfecUy transparenit 

No; some light is evidently lost in passing even 
through space, and still more in traversing our atmo- 
sphere. 

1698 Eow much of the suris light is supposed to be interested by (ha 



It has been calculated that the atmosphere, when the 
rays of the sun pass perpendicularly through it, inter- 
cepts from one-hfth to one-fourth of their light; but 
when the sun is near the horizon, and the mass of air 
through which the solar rays pass is consequently 
vastlv increased in thickness, only one two hundred cmd 
twdjth part of their light can reach the surface of the 
earth. 

1699 Why is charcoal black f 

Because it absorbs all the light which falls upon it, 
and reflects none. 

1700 Whoi becomes of (he light which is ahsorbe&t 

This question cannot be satisfactorily answered. In 
all probability it is permanently retained within the 
substance of the absorbing body. 

1701 % what depth is light supposed to peTwirate the ocean t 

It is calculated that sea water loses all its transpa- 
rency at the depth of seven hundred and thirty feet ; 
but a dim twilight must prevail much deeper in the 
ocean, 

12 
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CHAPTER IL 

BTBTTCrUBE OF THE ETE ASTD THE PHENOMENA OF VISIOIT. 
1708 Whai is (he gtrudure of ihe human eye t 

In man the organ of vision consists of two hollow 
spheres, each about an inch in diameter, filled with 
certain transparent liquids, and deposited in cavities of 
suitable magnitude and form in the upper part of the 
front of the head on each side the nose. 

1703 Mow is iiihaifve are enabled to move the eye in varUms diredionst 

B7 means of muscles attached to different points of 
its surface. 




These are shown in Fig. 76, where the external bones of the temple 
are supposed to be removed in order to render visible the muscular 
arrangements. The muscle, 1, raises the eye-lid, and is constantly in 
action while we are awake. During sleep, the muscle being in repose 
and relaxed, the eye-lid falls and protects the eye from the action of light. 
The muscle, 4, turns the eye upwards ; 6, downwards; 6, outwards; and 
a corresponding one on the inside, not seen in the figure, turns it inwards. 
Ka 2 and 10 turn the eye round its axis. No. 11 is the great optic 
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Betina. Iria. Pupil Cornea. 

nerve, which conveys the sensation to the brain. If this nerve were cut, 
notwithstanding the eye might be in other respects perfect, the sense of 
Bight would be destroyed. 

1T04 Of what parts does the eye consist f 

The eye is of globular form, and is composed of three 
coats or membranes, called the sclerotic^ the choroidy 
and the retina; and three humors, denominated the 
aqv^eoua^ the crystalline, and the vitreous. 

1T06 W?iai is meant by the ''retina of (he eye r* 

Tlie network which lines the hack of ths eye is called 
the retina ; it is composed of an expansion of the optic 
nerve. 

1T03 Whai is that portion of ike eye caUed which in some persons is 
Uue^ in others gray or hazd f 

It is called the iris. 

IT'OT' Jn the centre of the iris is a circular black opening : what is this 
caUedf 

It is called the jpitpU. But this spot is not a black 
substance, but an apeHwre, which appears black only 
because the chamber within it is dark. It is properly 
speaking the window of the eye, through which light 
is admitted, which strikes on tlie retina. 

IT'OS Does light admitted through the pupil to 1h£ retina prodtuxvisi^^ 

Yes, provided the light enter in sufficient quantity. 

1709 How by the arrangement of the several parts of the eye are we 
enabled to see f 

The rays of light falling upon the cornea, enter the 
interior of the eye throng tne pupil, and by the joint 
action of the cornea and crystallme lens are br6ugnt to 
a focus at the back part of the eye, upon the retina. 
Here an image is formed, and the impression it makes 
is conveyed mong the optic nerve to the brain. 

1710 What is meant by the ** cornea of the eye ?" 

All tlie outside of the visible part of the eyebaU. 

Fig. Tt represents the interior construction of the eye. It Is composed, 
in the first place, of the cornea, a, a transparent membrane in front of the 
globe of the eye. Next is the sclerotic coat, «, which joins on the cornea, 
and upon which the external fonti of the eye depends. The cornea is 
united to, or fixed in, the sclerotic coat, like the glass into the case of a 
watdi : dy c represents the iris, with an opening in it, forming the pupil. 
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Next in order is the aqueous humor, 6, e, in the middle of which is the 
iris, d, c Behind the pupil we have the crystalline lens, / and then the 
vitreous humor, Ji, filling all the interior of the ball of the eye. m indi- 
cates the retina, which is an expansion of the optic nerve, n. A; is the 
choroid coat, a membrane interposed between the retma and the sclerotic 
coat ; it terminates in form in a series of folds or filaments, ^, c^ed the 
ciliary ligament or processes. 

1711 Why are some persons near-siglUcd? 

Because the curvature of the cornea and the crystal- 
line lens is too great, and the rays of light which form 
the image are Drought to a focus before they reach the 
retina or the back part of the eye. The object, there- 
fore, is not distinctly seen. 

I^g. 79 represents the manner 
in which the image is formed 
upon tlie retina in the perfect eye. 
The curvature of the cornea^ 8 s^ 
and of the crystalline lens, c c, is 
just sufficient to cause the rays 
of liglit proceeding from the im- 
age, e e, to converge to the right 
focus, m, upon the retina* 

Fig. 78 represents the man- 
ner in which the image is formed 
in the eye of a near-sighted per- 
son. The curvature of the cor- 
nea, 8 5, and of the crystalline 
lens, c c, is so great that the im- 
age is formed at m m in advance 
Fix. 79. of the retina. 
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^'^1^ What sort of glasses do near-sighted persons wear t 
If the cornea and crystaUine lens be too convex (or 
projecting), the person must wear double concave glasses 
to counteract it. 

1713 WJiat is meant by "doiibk concave glasses^" 

Glasses hoUowed-in on both sides. 

17^4 Why are old people far-sighted f 

Because the humors of their eyes are dried wp hy age; 
in consequence of which the cornea sinks in^ or becomes 
flattened. 

ins Why does (he flattening of (he cornea preumi persons seeing 
directs which are nearf 

Because the cornea is too fla% and the image of ob- 
jects is not corwpletely formed when their rays reach the 
retina ; in consequence of which the image is imper- 
fect and confused. 

Mg, 80 represents the man- 
ner in which the image is 
formed in the eye, when the 
cornea or crystalline lens is 
flattened- The perfect image 
would be produced at m 972, 
behind the retina, and, of 

course, beyond the point ne- Kff 80. 

ceasary to secure perfect vision. 

171Q Whai sort of spedack-glasses are suitable for old people t 

Double-convexglasses, or those which curve outwards 
on both sides. These shorten the focus of the eye, and 
produce an image upon the right point, th^ retina. 

1T17 Why do near-sighted persons bring objects close to the eye in order 
iosee ihemf 

Because the distance between tiie front and hack of 
the eye is so great^ that the image of distant objects is 
formed m front of the retrnia ; but when objects are 
brought near to the eye^ their image is thrown farther 
hack, and made to fall on the retina. 

17M8 Why do old people hold objects far off in order to see (hem better t 

Because the distance between the front a/nd back of 
their eyes is not great enough ; when, however, objects 
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are held farther off, it compensates for this defect, and 
a perfect image is formed on the retina. 

Birds of prey are enabled to adjust their eyes so as to see objects at a 
great distance, and again those which are very near. The first is accom- 
plished by means of a muscle in the eye, which enables them to flatten 
the cornea by drawing back the crystalline lens ; and to enable them to 
perceive distmctly very near objects, their eyes are furnished witli a 
flexible bony rim, by which the cornea is thrown forward at wil], and l^e 
eye thus rendered near-sighted. 

IT'lO Why do persons who are shori-sighkd in youths gradudUy have 
ihis failing corrected a>s (hey grow old f 

They are short-sighted because the cornea of the eye 

is too glolntlar; but as age advances, the fluids are not 

secreted as before, the eye becomes jkiMenedy and 

natural sight is a/gain restored. 

170O WhoA is ifie use of the eyebrows f 

The eyebrows defend the eyes from too strona a light, 
and serve to t/um away substances which might other- 
wise fall into the eye. 

17©! WJuU is the use of the eydashes f 

The eyelashes fftca/rd the eye from dcmg&r^ and pto-^ 
tect it from di^t or i/naecta floating or flying in the atmo- 
sphere. 

ITSQ Why is (he eye pained by a sudden light t 

Because the nerve of the eye is hwdened wUh rays 
before the pupil has had time to contract. 

1703 What is (he pupa of ihe eye f 

The Circular black opening in front of the eye. 

1TS4 Why^SoesUgiveuspamifa bright light is "brought suddenly 
towards us at night-time f 

Because the jpupU of the eye dilates very much in 
the dark in order to admit more rays. 

When therefore a light is brought suddenly before us, the enlarged 
pupils overhad the optic nerves with rays^ which causes pain. 

1706 Why can we bear (he light after a few momenis f 

Because the pupils contra^ again almost instantly, 

and adjust themselves to the quantity of light which 

falls upon them. 

1726 Why caok we see nolfdng when we leave a weOrUghled room, and 
go into the darker road or street t 
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Yidoa in tbe light and in darkness. Gats— how see in the dark. 

Because the pupil (which contracted in the bright 
room) does not dilate instantaneously ; and the con- 
tracted pupil is not able to collect rays enough from the 
darker road or street to enable us to see objects before us. 

17S7 How does light cause the pupU of the eye to contract f 

The pupil of the eye is a round hole in the midst of 
a iporable muscular curtain or screen, called the iris. 
"When too much light falls on the nervous retina at the 
back of the eye, it irritates it ; and this irritaUon ia 
conveyed to the muscular rings composing the curtain 
by small nervous fibres, causing them to contract 

17S8 Why do we see better when we get used to (he darkf 

Because the pupil dilates again, and allows more rays 
to pas& through its aperture ; in consequence of which 
we see more distinctly. 

1729 I/v?e look at the sun for a few moTnents, why do aU other thing* 
appear dark f 

Because the nerve of the eye, by looking at the sun, 
is so affected by the intensity of the light that it requires 
a few moments to recover its former sensibility. 

1780 Why can we see the proper colors of every otjed again after a 
few minutes f 

Because the eye again recovers its sensibility, and 
accommodates itself to the light around. 

1731 Whj/ can tigers, catSy and owls see in (he dark f 

Because they have the power of enlarai/ng the pmU 
of their eyes so as to collect the scattered rays of nght ; 
in consequence of which they can see distinctly when it 
is not light enough for us to see anything at all. 

1730 Why is it that when we press slightly upon the 5aS of either eye, 
while dewing an dbject^ we see doublet 

Because the pressure of the Ji/nger prevents the ball 
>f one eye from following the motion of the other, and 
he axis of vision in each eye being different, we see 
wo images. 

XT'SS Do persons who squint see double f 

They do ; but practice gives them power of attending 
> the sensation of only one eye at a time. 
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Cause of Bqoiating. We see images find not ol]{}ects themselreB. 

17^34 What is ihe cause of strabismus^ or squinting f 

The inability of one eye to follow the motions of the 
other ; this may arise from habit, imperfect power in 
one eye, or some defect in the muscular movements. 

1T3S Why J when (he eye is violently struck or pressed upon^ do we seem 
to see light f 

Because the pressure communicated to the optic 
nerve causes a violent and momentary sensation of 
light. 

ITSS When we say we see an object^ what do we in fact do f 

The mind is only taking cognizance of the pichere or 
impression made on the retina. 

T7&7 If the mind, in seeing an oliject, sees in reality only a picture 
painted on {he hack of the retina^ how is it enabled to judge of magniittdes, 
distances^ cfc., the picture being on a comparatively flat surface f 

It is only by experience. " I see men as trees walk- 
ing," said tne man bom blind, when restored to sight. 

17^8 Would a person whose eyes^ oMhough perfect, had been covered up 
from infancy to maturity, be able to see f that is^ comprehend any scene or 
prospect on which he first opened his eyes? 

He would see the objects, but could no m,OTe tender- 
stand them than a child understands the printed page 
on which it looks, although every word is clear and 
distinct. 

ITS© Do we see the same lines and surfaces of an object oMke with each 
eye? 

We do not. 

We may convince ourselves that we do not, by placing two candles, for 
example, in such a position, that when they are looked at with the right eye, 
one ia made to cover the other ; if now we dose the right eye and look at 
them with the left, the most remote candle will be no longer screened by 
the front one, but will be seen about an inch to the left of it. 

±74bO Why cannot we count th» posts of a fence when wh are riding 
rapidly in a railroad car f 

Eveiy impression, according to the intensity of its 
effects, remains for a certain length of time on the 
retina, and a m^easurable period is necessary to produce 
the impression. The light from each post falls upon 
the eye in such rapid succession, that the different 
images become confused and blended, and we do not 
obtain a distinct vision of tibe particular parts. 
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Why the sun and moon seem lai^er on the horizon than oyerhead. 

174:1 Why do the sun and moon seem larger ai their rising ami setting 
n at any other time f 

The appearance is an illusion, in consequence of ter- 
strial objects being placed in close comparison with 
em at one time, and not at the other. 

IT^Q Is this illusion an optical one^ or a mental iUusion t 

A mental one, since the organs of vision do not pre- 
it to us a larger ima^e of the moon or sim in the 
rizon than in the zenith. 

1743 What do we Tnean by Vie horizon t 

The circle or line where the earth and sky wppear to 

let, 

L74:4 Whai do we m^an by (he zenith t 

The point or part of the heavens immediately over- 
id. 

-745 Is the moon nearer or farther from us when upon the horizon t 

When the moon is on the horizon, it is about four 
}usand miles farther from us than when in the zenith ; 
apparent diameter, therefore, instead of appearing 
ger, ought to appear about a sixtieth part less. 

.74B Why are we so often mistaken in respect to the acttidl distance 
'. conflagraZion ai night f 

Light radiating from a centre rapidly weakens as the 
tance from the centre increases^ being, for instance, 
ly one-fourth part as intense at double the distance, 
e eye learns to make these allowances, and by the 
arness and intensity of the light proceeding from the 
ject, judges with considerable accuracy of the com- 
rative distance. But a fire at night appears uncom- 
►nly brilliant, and therefore seems near. 

V^fcT Why does the evening star rising over a hiU-iop^ appear as if 
%ied direcUy over the top of ^ eminence f 

Because we make brightness and clearness to depend 
contiguity J as it ordinarily does ; and as the star is 
ght, we unconsciously think it near us. 

748 What is the cause of colors f 

Phe action of light. 
T40 Sow is this proved? 

12* 
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Ck>Ior and Its onue. Wh j are some bodlee red and others white, black, Ac t 

< rfi . — . — . 

In the dark, bodies have no color, and in the light 
their colors may be altered by subjecting to certain mo- 
difications the light by which they are rendered visible. 
Hius a hliie piece of cloth in a red light will appear red. 

1760 Why is ii that toe find it difficuU to distinguish colors by candle- 
lightf 

Because we have modijled the light upon which the 
full effect of the color depends. 

17C1 What then is the true definition of color? 

Tlie color of a substance is the ejff^ect of light on a 
surface adapted to reflect its particular color. 

1768 Why do some things reflect one cohr^ cmd some another t 

Because the surfdoe of things fa so difererMy canMi- 
tuted^ both physically and chemically. 

1753 Why is a rose red f 

Because the surface, of a rose dbaorha the Hue and 
yellow rays of light, and reflects only the red, 

1764 Why are some things black f 

Because they absorb aU the rays of light, and reflect 
none. 

1765 Js black a color t 

It is not / it is the absence of color. 

1760 Why are some things while f 

Because they absorb none of the rays of light, but 
reflect them all. 

1767 Why are cUmdSj snoWj sugar ^ and salt white f 

Because they reflect back unchanged the white light 
which strikes upon them. 

1768 Why are not the crystals of frost and snow transparmt Uke ieef 

The cr;^8tal8 of frost and snow are not solid^ but the^jr 
contain air ; hence their brilliant whiteness : for the aur 
preventing the ready transmission of liffht through the 
crystals, the rays are copiously reflectea from the mass 
of crystals. 

^'7CiQ Why is the darkness of night diminished by the presence of snow t 

Because the snow reflects^ instead of dbsofUng^ lik^ 
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Origin of color in leaves of trees. YThj is the sky tine ? 

e bare ground, the faint light that proceeds from the 

Y- 

L7©0 Why are the leaves of plants green f 

Because a peculiar chemical principle, called chloro- 
lyl, is farmed within their cells, whicn has the property 
absorbing the red rays, and of reflecting the blue and 
Uow, which mixture produces green. 

L7Q1 Why are leaves a light green in spring f 

Because the chlorophyl is not fully formed. 

ITOQ Why do leaves turn hrovm in autumn t 

Because the chlorophyl undergoes decay ^ and is not 
placed as it is in spring. 

L7Q3 Why do dU things appear black in the dark f 

In the dark there is no color, because there is no light 

be absorbed or reflected, and therefore none to be 

composed. 

)f course, in certain degrees of darkness, all objects are actually tnv*- 
!e. The question refers to that peculiar degree of da.rknftsa when the 
??25 of objects may be seen, but not their hues. 

L7e4 Why does the sky appear bluet 

Because the atmosphere ahsorhs the red and yellow 
ys, and transmits the blue. 

IVQS Why does the sun most generally fade artificial colors t 
Generally the loss of color arises from the oxidation 
the substances used in dyeing ; as tarnish and rust are 
L oxidatioii of metals. Sometimes, however, the 
gredients of the dye are otherwise decomposed by the 
n ; and the color (which is due to a combination of 
gredients) undergoes a change as soon as the sun 
(ranges or destroys that combmation. 

17ee What remarkable correspondence is (here hetwe&n the geographical 
siiion of a region, and the colors of its plants and animals f 

In the tropics, where the sun shines longest and 
tff/Uestj the darkest green prevails over the leaves of 
ants, the flowers and fruits are colored brightly, and 
e plumage of the birds is of the richest description. 
ITQT' Whai is (he natural coloration exhibited in temperate dimaiesf 

In temperate climates everything is of a more sub- 
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Ck>lorB In different regions of the earth. Ck>atra8tB of colors. 

d/ued va/riety ; the flowers are less hriakt ; the prevail- 
ing tint of the birds is hrown ; and me dresses of the 
inhabitants are sombre. 

1768 How is this correspondence further exemplified in the Arctic and 
Antarctic regions f 

Here there is UtUe color in natural objects ; the few 
flowers are white or yellow ; and the animals are ^most 
uniformly block or white. 

176S Jn iffhatpa/rt of the ocean do we find the hrigTvtesl shelis and sea- 
weeds? 

Near the shore^ in shallow water, where the influence 
of light is greatest. 

1770 What fishes OAe distinguished for the hriUiancy of their colors f 

Those that swim near the surface; whereas those 
which live at greater depths are gray, brown, and black. 

1771 Whai is the appearance qfi the sea-weeds and animals thai Uve cU 
great depths of the ocean f 

They are nearly colorless. 

1775 Why is grass growmg vmder a covering of a white or yellowish 
white color f 

Because it is secluded from the Ughty whose presence 
and action is necessary for the production of the material 
which imparts to it its green color. 

1773 Of the various rays composing solar lighiy which are the most 
visible to the human eye f 

The yellow. 

IT^ 7^4 "WfiicJi jiave the greatest lieaiing effect t 
The faint red rays. 

1776 Why does a dress composed ofchihs of different colors, look well 
much longer J dUhmgh worn, than one of only a single color, the character of 
the doth in loth instances being identical f 

It is owinff to the effect of contrast between the 
colors. K a dress is composed of cloths of two colors, 
as red and green, orange and blue, yellow and violet, 
they will mutually heighten the effect of each, and make 
each portion appear to the best advantage. 

177e Why wiU stains be less visible on a dress of different colors, than 
on one composed of only a single color f 

Because there exists in general a greater contrast 
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Contrasts of ooI<»8 in dnaa. Arrangement of bonqnets. 

among the various parts of the first-named dress, than 
between the stain and the adjacent part, and this dijSer- 
ence renders the stain less apparent to the eye. 

177T Why can a axU^ tvaistcoat, and pants of (he same color be worn 
with advantage together only when they are new f 

Because as soon as one of them loses its freshness 
from having been worn longer than the others, the 
difference will increase by contrast. 

1778 Give an illustration. 

A pair of new black pants, worn with a vest of the 
same color, which is old and rusty, will make the tinge 
of the latter appear more conspicuous, and at the same 
time the blacK of the pants wiU appear more brilliant. 
White and other light-colored trowsers would produce 
a contrary effect. 

1770 What is (he gcTieral law upon which the harmony of colors 
depends? 

Every color when placed beside another color is 
changeay appearing different from what it really is: 
and it moreover equally modifies the color with which 
it is in proximity. 

1780 W?uU effect has rose-red upon a rosy complexion t 

It causes it to lose some of iis freshness. 

1781 Ihrfair complexions^ deficient in rose, which color is most favor- 
aJflef 

A deUcate green. 

178 J3 What effect has llack drapery upon the color of the skin t 

It makes it appear whiter. 

1783 What rvk sJundd be observed in the grouping ofJUnDers and ths 
preparation of bouquets t 

We must separate pink flowers from those that are 
either scarlet or crimson ; orange, from orange yellow 
flowers ; yellow flowers from greenish-yellow flowers ; 
blue from violet-blue, red from orange, pink from violet ; 
blue flowers from violet flowers. 

1784k WluU is the optical ^ect of dark colors and black upon (he size 
of the figure? 
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-■ 

Most eonspieaoiu colon. Colon of anlxDalB adapted to their neeeasltlea. 

It causes it to appear smaller ; therefore these colors 
are most suitable for stout persons* 

1786 Whai ^ect do while and UghirooloreA dresses have upon fhe size 
ofihefigwref 

They cause it to appear larger. 

1786 What effect do lourge poMenu in dress make f 

They make the figure look shorter. 

1787 Whai is the effect of naarow hngitudindl stripes in dress f 

They add to the apparent height of the figure. 

1788 Whai is the effect of horVBoniai stripes f 

The effect of horizontal stripes is opposed to that of 
longitudinal, and under every condition they are v/ry- 
graceful. 

1789 WTiat colors are most conspicuous in haitle f 

It has been found by numerous observations that red 
is the most fatal color, and the least fatal is a light grey. 

17QO W?tat curious provision for tfie protection of animals does nature 
appear torndkef 

She appears to have adapted the color of the creature 
to its haunts in such a way as tends tojpreserve it from 
injury. Caterpillars and insects which feed on leaves 
are generally of the color of the leaves. As long as 
they remain still, it is almost impossible to distinguish 
the grasshopper from the herbage on which it rests. 

1701 What curums change is noticed in the color of animals inhabiting 
the Arctic regions f 

During the snows of winter, foxes, hares, and some 
varieties of birds are white ; when the ground is free 
from snow in summer, they are of a broion color. 
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Whatiseleetriettyf Menu of excittng eleetrldtj. 



PAET vm. 

ELECTRICITY, GALVANISM, MAGNETISM, AND 
ELECTRO-MAGNETISM. 



OHAPTEE I. 



EX^XTTBICITY. 



17QS3 Whaiiseiectricityt 

Electricity is one of those mmmderable agents that 
appear to be diflPiised through ail nature^ existing in all 
BUDstances without aflfecting their volume or their tem- 
perature, or giving any indication of its presence when 
in a latent state. AVhen, however, it is liberated from 
this repose, it is capable of producing the most midden 
and deatructwe effects^ or of exerting powerful influences 
by a quiet and long-continued action. 

1703 How may electricity be ccUkd itUo CLCtivUy f 

By mechameal jmoer^ by chemical action^ by heaty 
and by moffnetic vnfl/uence. 
VTB^ What is (he most ordinofry way of excUing dedricity t 
3y friction. 

1796 JDo we know any reason why (he meam above enumerated should 
develope electricity from its kUeni condiHonf 

We are entirely ignorant upon this subject. 

1793 When you rub api^i of paper wi£h India-rubber, why does it 
adheire to the table f 

Because the/rictdon of the India-rubber against the 
surface of the paper developes electricity^ to which this 
adhesiveness is mainly to be attributed. 

1797 J)oes ekctridty present any appearance by which it can be known f 

No ; electricity, like heat, is in itself invisible^ though 
often accompanied by both light and heat. 



mn 
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Eleotiifled and non-electrified bodies. 

17^08 When a subsUmce^ by friction or by any olher means, acquirea 
the property of aitr<icting other bodies^ in what state is ii said to bet 

It is said to be electrified^ or dectricaUv excited ; and 
its motion towards other bodies, or of other bodies to- 
wards it, is ascribed to a force called electric attraction. 

17SS Does an electrified body exercise any other infixjuemce Ihan on 
aUrojiiive ofMt 

It does; for it will be found that light substances, 
after touching the electrified body, will recede from, it 
just as actively as they approached it before contact 
This is termed electric repulsion. 

Thus, if we take a diy glass rod, rab it 
well with silk, and present it to a light pitii 
ball, or feather, suspended from a support 
by a silk thread, the ball or feather will be 
attracted towards the glass, as seen at G, 
Fi^. 81. After it has adhered to it a mo- 
ment, it will fly off, or be repelled, as P' fix)m 
JL // Gr'. The same will happen if sealing-wax 

^=^ be rubbed with dry flannel, and a like ex- 

Fig. 81. periment made ; but with this remarkable 

difference, that when the glass repels the 
ball, the seaUng-wax attracts it, and when the wax repels, the glass will 
attract. These phenomena are examples of electrical attraction and 
repulsion. 

1800 Whatisawm-dectrifiedbodyl 

One that holds its own natural quantity of electricity 
vmdist/urhed. 

1801 WluU happens when an electrified body touches one that is wm- 
electrified f 

The electricity contained in the former is transferred 
in part to the latter. 

Thus, on touchmg the end of a suspended silk-thread with a piece of 
excited wax, the silk will be excited, as will be sliown by its moving 
towards a book, piece of metal, or any other object placed near it. 

1808 Do aU bodies conduct or allow ekdricity to pass through them 
equaUy weUf 

Although there is no substance that can entirely pre- 
vent the passage of electricity, nor any that does not 
oppose some resistance to its passage, yet it moves with 
a much greater facility through a certain class of sub- 
stances than through others. Those substances which 
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Conductors and non-condncton of electricity. 



Electrical machines. 



facilitate its passage are called conductors ; those that 
retard or almost prevent it, are called non-conductors. 

1803 WTiai svbstances are good conductors of electricity t 

The metals^ cha/rcoal^ the earthy water ^ and most fluids^ 
except oils, the human hody^ etc., are good conductors. 

1804 What substances obstruct ike passage of electricity^ or are " non- 
conductors ?" 

Glass^ resiriy oil^ silk^ sulphur^ dry ai/r^ etc., etc., are 
non-conductors. 

1806 Whai is an ekdricai machine t 

An electrical machine is an arrangement by which 
quantities of electricity can be collected and discharged. 

The electrical machine most usu- 
ally employed consists of a large 
circular plate of glass, see Fig. 82, 
mounted upon a metallic axis, and 
supported upon pillars fixed to a 
secure base, so that the plate can, 
by means of a handle, w, be turned 
with ease. Upon the supports 
of the glass, and fixed so as to 
press easily but imiformly on the 
plate, are four rubbers, marked r r 
r r in the figure ; and flaps of silk, 
8 «, oiled on one side, are attached 
to these, and secured to fixed sup* 
ports by several silk cords. When 
the machine is put in motion, these 
flaps of silk are drawn tightly 
against the glass, and thus the 
firiction is increased, and electricity 
excited. The points p p collect 
the electricity firom the glass, and 
convey it to the conductor, c, which is sup- 
ported by the glass rod g. 

Fig. 83 represents another form of an 
electrical machme, constructed on similar 
principles. S being a glass cylinder turn- 
ing on an axis, Y the conductor, F the 
rubber, A A supports. 

1806 Whal is the theory of ekdricUy 
most generaUy adopted f 



The theory proposed bv Dr. 
Franklin : tnis supposes the ex- 
istence of a emgle^ tmponderaUe 




rig, 83. 
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Poettive and negative eketridty. Velocity of eleetrielty. 

Jhtid^ equally distributed throughout nature: every 
substance being so constituted as to retain a certain 
quantitv of this agent. Any disturbance of the natural 
state ot a body produces evidences of electricity. 

XS07 Does deetricity seem to eoaist in two differefU states or condUionst 

It does ; and to designate these two conditions, the 
terms positive and negative have been employed. Thus 
a body which has an overplus of electricity is called posi- 
tive, and one that has less than its natural quantity is 
called negative. 

1808 Do Ught^ heal, and dectricUy appear to have some properties in 
common f 

They do ; each may be made, under certain circum- 
stances, to prodicce or eoccite the other. All are so light, 
subtle, and^diflfusive, that it has been found impossible 
to recognise in them the ordinary characteristics of 
matter. Some suppose that light, neat, and electricity 
are all modijications of some common principle. 

1809 W hy does ihejwr of acai sparkle arvd cracMe when rubbed with 
the hand in cold v/eaiher t 

Because the friction between the hand and fur pro- 
duces an excitation of positive electrieity in the nand 
and negative in the /Wr, and an interchange of the two 
causes a spark, with a slight noise. 

1810 Why does this experim^ni work best^in very cold weather f 

Because the air is then very dry^ and does not convey 
away the electricity as fast as it is excited ; if the air, 
on the contrary, were moist^ the electricity would be 
conducted off nearlv as fast as it was excited by friction, 
and its effects would not therefore be so manifest 

1811 WiXh what vdocUy is electricity transmitted through good conduc- 
tors f 

With a velocity so great that the most rapid motion 
produced by art appears to be actual rest when com- 
pared to it. Some authorities have estimated that elec- 
tricity will pass through copper wire at the rate of two 
hundred and eighty-eight thousand miles in a second 
of time — a velocity greater than tiiat of light The 



SCIENCE OF COMMOW THmGS. 279 

Principal agents in natore exciting electricity. 

results obtained, however, by the United States Coast 
Survey, with iron wire, show a velocity of from 15,000 
to 20,000, miles per second, 

ISIQ What agents are undoubtedly the most active in producing and 
eocdUng ded/ricUy in the operations of nature f 

The Uffkt and the sun^s rays. . 

18X3 It has become <fte habit with maTty to ascribe to decbricity the 
ctgency of phenomena in the naiwaX worlds the cause of which may not he 
apparent : is there any reason for this f 

There certainly is not : electricity is dJiffvsed through 
all inatter^ and is ever active, and many of its pheno- 
mena cannot be satisfactorily explained ; but it is go- 
verned, like all other forces of nature, by certain fixed 
laws, and it is by no means a necessary agent in all the 
operations of nature. 

It argues great ignorance to refer without examination every mysteri- 
ous phenomenon to the influence of electricity. 

1814 Do some animals have the power of exciting electricity within 
themselves f 

There a/re certain animals which are ^fted with the 
extraordinary power oiprod/adng dectrtcal pheriorriena 
by an effort of muscular or nervous energy. Among 
these the electrical eel and the torpedo are most re- 
markable. 

1816 How powerful a chxurge of electricity can the electrical ed send 
forth when in fOl vigor f 

SuflScient to knock down a man or stun a horse. 

1816 Is the electricity generated by these animals the same cts that occa- 
sioned by the ordinary electrical machine f 

It is the same^ and produces the sa/me effects. 

1817' Bo vital action and muscular movements in man and animals 
give rise to electricity f 

They do ; and it can be shown by direct experiment 
that a person cannot even contract the muscles of the 
a/rrfh without exciting an electrical action. 

1818 Does change of form or state in bodies generally produce electrical 
exdtalionf 

Change of form or state is one of the m^ powerful 
methods of exciting elqctricity. 
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Idghtnlng. Three forms of lightning. 

Water, in passing into steam "by artificial heat, or in evaporating by the 
action of the sun or wind, generates large quantities of electricity. The 
crystallization of solids from liquids, aJl changes of temperature, the 
growth and decay of vegetables, are also instrumental in producing elec- 
trical phenomena^ 

181Q Whutis lightning f 

Lightning is €U)eumulated electricity^ generally dis- 
charged from the clouds to the earth, but sometimes 
from, the earth to the clouds. 

1880 Wliai causes the discharge of an electric cUmd t 

When a cloud overcliaroed with electric fluid ap- 
proaches another which is tmderchargedj the flmd 
rushes from the former into the latter ^ till both contain 
HiG'sa/me quantity. 

1881 Ja there any other cause of lightniTig besides the one just menr 
turned f 

Yes ; sometimes mountains, trees, and steeples will 
discharge the lightning from a cloud floating near, and 
sometimes electric fluid passes from the earth into the 
clouds. 
1828 Ebw Ugh are the lightnirig clouds from (he earth t 
Sometimes they are elevated y!?t^r orjime vwUes highy 
and sometimes actually touch the earth with one of 
their edges ; but they are rarely discharged in a thun- 
der storm when they are more than seven himdred 
yards above the surface of the earth. 

1883 Whatisaihwnderstormf 

The di«tmrba/nce caused in the air when successive 
discharges of accumulated electricity take place. 

1884: Mo Imo ma/ny kinds has Ughlmng been divided t 

Three. 

1885 What are ih&yt 

The zig-za^ Ughtmng^ sheet lightmrn^^ and hdU Ught- 
mng, 

1886 Why is ligTUmng sometimes forked? 

Because the lightning cloud is at a great distance: 
and the resistance of the air is so great that the electri- 
cal current is diverted into a zig-zag course. 
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Sh«et and heat lightning. Ihiration of a flasH of lightning. 

1827 B<m does the resistcmce of (he air make the Ughinmg zig-zag f 

Afi the Kghtninff condenses the air in the immediate 
advance of its pam, it flies from side to side, in order 
to pass where there is the least resistance. 

X888 Why is ihe flash sometimes quite straight f 

Because the lightning cloud is near the earth, and as 
the flash meets with very little resistance, it is not 
diverted ; in other words, the flash is straight. 

X88e What is sheet lightmngt 

Either the reflection of distant flashes not distinctly 
.visible or beneath the horizon, or else several Jla^shes 
mtermingled. 

X830 What oOierform does lightning occasionaUy assume f 

Sometimes the flash is gldbttlarj which is the most 
dangerous form of lightning. 

1831 Ihes a discharge produce a flash when it passes through good 
conductors f 

It doesnot^ but passes quietly and invisibly. 

1832 WTiat is heat lightning f 

Sometimes it is the reflection in the atmosphere of 
the lightnings of storms very remote^ the storms them- 
selves beingso far distant that their thunders cannot 
be heard, xhis phenomenon is also occasioned by the 
play of silent flashes of electricity between the earth 
and the clouds, the amount of electricity developed not 
being sufiicient to produce any other effects than the 
mere flash of light. 

1833 Why is lightning more common in sumrner and in autumn than 
in spring and winter f 

Because the heat of summer and autumn produces 
ffreat eva^oratimi^ and the conversion of water into 
va^or always developes electricity. 

1834: How long is the duration of a flash of lightning f 

Arago has demonstrated that it does not exceed the 
millionth pari of a second. 

1835 With whal velocity is lightning, or the ekciric fluid which gives 
rise to its appearance^ supposed to move f 
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Places dangerous in a thunder storm. How a tree inflnenoea lightning. 

Not less than injoo hwndred and fifty thousand miles 
per second, * 

1836 Why does lightning someiimea kiU men and beasts f 

Because, when the electric current passes through a 
man or beast, it produces so violent an action wpon the 
nervous system^ that it destroys life. 

1837 Whm ia a person stnuik dead by Hghtning f 

Only when his body forms a part of the lightnings 
path / that is, when tne electric fluid (in its way to the 
earth) actually passes through his hody. 

1838 What places are rnosi dangerous during a ihimder storm f 

It is very dangerous to be near a tree or lofty building. 

183Q Why is it da/ngerous to be neaa- a tree or lofty building during a 
thunder storm f 

Because a tall, pointed object (like a tree or spire) 
will frequently discharge a liglitning cloud ; and if any 
one were standing near, the lightning might diverge 
from the tree and pass through tlie fluids of the human 
body. 

1840 Bow can a tree or spire discharge a lightning cloud f 

A Hffhtning cloud, floating over aplain^ may be too 
fa/r of to be discharged by it ; but as a tree or spire 
would shorten this distance, it might no longer be too 
far off to be discharged. 

For example: If a lightning-doud were seven hundred yards above the 
earth, it might be too faff- off to be discharged; but a tree or spire fifty 
yards high would make the cloud only six hundred and fifty yards oflF a 
conductor ; in consequence of which the cloud might be instantly dis- 
charged. 

1841 What parts of a dwelling are most dam/gerous during a thunder- 
storm f 

T^e fireplace (especially if the fire be lighted). It is 
also imprudent to sit close by the waUs. 

1843 Why is it dangerous to sit before a fire during a iJiunder storm? 

Because the heated air and soot are conductors of 
lightning, especially when connected with such excel- 
lent conductors as the stove, grate, or fire-irons. 

1843 Why is it dangerous to lean against a wall during a thunder 
stormf 
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Safest places In a thunder stonn. 

Because the electric fluid will Bometimes run down 
a wally and (as the body of a person is a better conduc- 
tor than a wall) would leave the wall and run down the 
body. 

XB^A Why is it dofngerow to he in a crowd during a (hunder storm t 

For two reasons : 1. Because a mass of people forms 
a better conductor than an individual ; and 

2. Because the vapor arising from a crowd increases 
its conducting power. 

184:6 Why is (he danger increased by (he vapor which rises from a 
crowd f • 

Because vapor is a conductor, and the more conduc- 
tors there are, the greater the danger will be. 

X84:6 If a person be abroad in a thunder storm^ wJutt place is the 
safest t 

Any place about twenty or thirty feet from a tall 
tree^ building, or stream of water. 

1847 Why would it he safe to stand twenty or thirty feet from a tall 
tree during a thunder storm f 

Because the lightning generally chooses tall trees as 
conductors, and we should not be sufficiently near the 
trees for the lightning to diverge from them to us. 

1848 Why is the middle of a room mxyre safe than any^other part of 
it in a Hmnder storm f 

Because the lightning (if it should strike the room at 
all) would come down the chimney or walls of the room; 
and therefore the farther distant from these, the better. 

1849 Why is a maUresSj bed, or hearth-rug a good security against 
injury from lightning f 

Because they are all non-conductors ; and as lightning 
always makes choice of the best conductors, it would not 
choose for its path such things as these. 

1850 What is the safest thing a person can do to avoid injwy from 
lightning f 

Lie upon a ied in the middle of a room. A hed filled 
with feathers is an excellent non-conductor. 

1851 Is there not gensfraUy a greater apprehension of the danger from 
lightning than experience would justify? 

The apprehension and solicitude respecting lightning 
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Uj^tning coDdneton. Their proper principle of confitmctioiL 

are proportionate to the magnitude of the evils it pro- 
duces, rather than the frequency of its occurrence. j[he 
chances of an individual being killed by Ughtning are 
injmitdy less than those which he encounters in his 
daily walksy in his occupation^ or even during his sleep 
from the destruction of the house in which ne lodges 
by fire. 

186^ Why does the lightning in its course down a building generaUy 
dart from point to pointy and not follow a direct path f 

Because it always takes in its course the he^ conduc- 
tors / and will fly both right and left in order to reach 
them. 

X863 What is a Ughtning conductor f 

A metal rod fixed in the earth, running up the whole 
height of a building, and rising in a point above it 

X864 What metal is best for this purpose f 

Copper makes the best conductor. 

X866 What is the use of a ligMning conductor t 

As metal is a most excellent conductor, lightning 
(which makes choice of the best conductori) will run 
down a tuMcH rod rather than the walls of the building. 

I860 Why should Ughtning conductors be pointed f 

Because points conduct electricity away silerUly ^^^ 



Blades of grass, ears of corn, and other pointed objects serve to with- 
draw electricity from the clouds. 

185'? Bow far wiU the beneficial influerwe of a Ughtning conductor 
eodejidf 

It will protect a space all round four times the length 

of that part of the rod which rises aiove the building. 

1868 Give me an example. 

If the rod rises two feet above the house, it will pro- 
tect the building for (at least) eight feet all round. 

X860 How can Ughtning condibctors be productive of harm ? 

If the rod be broken, the electric fluid (being obstruct- 
ed in its path) will enter the building. 

X860 Is there any other evil to be apprehended from a Ughtning rodf 

Yes ; if the rod be not large enough to conduct the 
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Franklin^a experiment with a k ite. Identity of lightning and electricity. 

wlwle current to the earth, the lightaing will fuse the 
metal and enter the building. 

ISSI B\j whom was the identity of lightning and electricity first estor 
hlished t 

By Dr. Franklin^ at Philadelphia, in 1752. 

The manner in which this fact was demonstrated, was as follows : 
Having made a kite of a large silk handketchief stretched upon a frame, 
and placed upon it a pointed iron wire connected with the string, he raised 
it upon the approach of a thunder storm. A key was attached to the 
lower end of the hempen string holding the kite, and to this one end of a 
silk ribbon was tied, the ofher end being fastened to a post The kite 
was now insulated, and the experimenter for a considerable time awaited 
the result with great solicitude. Finally, indications of electricity began 
to appear on the string; and on Franklin presenting his knuckles to the 
key, he raised an electric spark. The rain beginning to descend, wet the 
string, increased its conducting power, and vivid sparks in great abun- 
dance flashed from the key. 

1862 Why was the kite insvMed when PrankUn fastened (hekeyioihe 
post with a silk ribbon f 

Because the silk was a nonrconditdor^ and would not 
allow the electricity received upon the kite to pass off 
by means of the string to the ground. 

1863 Was this eosperiment one of great danger and risk t 

It was ; because tlie whole amount of electricity con- 
tained in the thunder cloud was liable to pass from it, 
by means of the string, to the earth, notwithstanding 
the use of the silk insulator. 

1864 If a lightning rod is made of iron, how large shmUd it he f 

Not less than three-quarters of an inch in diameter. 

1865 In whai manner should the rod be erected f 

Tlie rod should be continuous from the top to the hot- 
tomy and an entire metallic communication should exist 
throughout its whole length. 

This law is violated when the joints of the several parts that form the 
conductor are imperfect and when the whole is loosely put together. 

1866 Row should Hie conductor be fastened to the building f 

By wooden svpports. 

If there are masses of metal about tlie building, as gutters, pipes, eta, 
these should be connected with the rod by strips of metal ; for unless this 
is done the lightning may pass from the rod to the metal, and enter tha 
building. 
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Utility of lightning-rods. What is thunder ? 



1857 IIoio should ike lower end of the rod he arranged? 

It should be divided into two or three hranches^ and 
turned from the building. 

The end of the rod ought to extend so far below the surface of the 
ground as to reach earth that is permanently damp. 

1858 Why is it a good plan to hury the end of the rod in poicdered 
charcoal f 

Because it preserves the iron from rust, and facili- 
tates the passa^ge of the electricity. 

18Q9 Have we any proof of (he utility of lightning rods f 

The experience of a hundred jeavs has shown that 
when all the necessary rules have been observed, the 
protection is perfect, as far as human effort can avail. 

1870 Is a building more or less liable to be struck when fumdsTied with 
a good lightning conductor ? 

Lij^htning conductors do not, as many suppose, attract 
the lightning towards the Imilding on which they are 
situated ; they simply direct its course, and facUit^ite 
the passage of the Jtuid in the most direct way to the 
earth, only when a discharge must inevitably occur. 
Tliere is no attraction, but the liglitning takes the road 
which offers the least resistance. 

ISTl Are lightning conductors protective when even no visible discharge 
takes place f 

They are; they possess a very great preventive 
power, and gradually and silently disarm the clouds by 
conducting the electricity from them ; and this process 
commences as soon as the cloud has approached a posi- 
tion vertically over the rod. 

ISTS What is thunder f 

It is a certain noise proceeding apparently from the 
clouds, wliich usually follows, after a greater or less 
interval, the appearance of a flash of lightning. 

1873 How is it supposed to be occasioned f 

The usual explanation offered is a sudden displace- 
ment of the air produced by the electrical discharges in 
which the lightning is evolved. 
Otherg have supposed that the passage of the electric current creates a 
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What occasions the rolling of thunder f Anrora-borealls. 

vacuum, and that the air rushing in to fill it produces the sound. Any 
explanation that has yet been oflered is not altogether satisfactory. 

1874 What occasions the rolling of the ihund&rf 

It has been ascribed to the effect of echo ; but the 
true cause probably is, that the sound is developed by 
the lightning in passing through the air, and conse- 
quently separate sounds are produced at every point 
through which the lightning passes. 

1875 Why is Vtunder sometimes one v<isi crash f 

Because the lightning cloud is near the earth ; and 
as all the vibrations of the air (on which sound depends) 
reach the ear at the same moment^ they seem like one 
vast sound, 

1870 Why is (he tJmnder generally heard several moments after the 
flashf 

Because it has a long distam/ie to tmvel. Lightning 
travels nearly a miUion times faster than thunder ; if, 
therefore, the thunder has a great distrnice to come^ it 
will not reach the earth till a considerable time after 
the flash. . 

±3'7'7 Can we not teU the distance of a thunder cloud by observing the 
tTUerval which elapses between (he flash and (he peal f 

Yes ; the flash is instantaneous, but the thunder will 
take a whole second of time to travel three hundred and 
eighty yards ; hence, if the flash be five seconds before 
thunder, the cloud is nineteen hundred yards oS, 

i. e, 380 X 5=1900 yards. 

1878 Whjai is (he aurora boreaXis or nor(hem lights f 
iMminxms a^ppearances seen in the sicy at night-time. 

Sometimes streaks of blue, purple, green, red, etc., and 
sometimes flashes of light, are seen, 

1879 What is the cause of (he aurora borealis or nor(hem lights f 



EleciHcity in the higher regions of the atmosphere 
is undoubtedly an active agent m producing this pheno- 
menon. 

1880 Is die aurora ever seen in other parts of the heavens than towards 
ihe north f 

In the northern hemisphere it always appears in the 
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Extent of the aurora. 



Height of the aurora. 



Appearance. 



norths but in the southern hemisphere it appeal's in the 
south : it seems to originate at or near the jpoles of the 
earth, and is consequently seen in its gi-eatest perfection 
within the arctic and antarctic circles. 

1881 What is known concerning Uie extent of the aurora? 

It is not local, but it is seen simultaneously at places 
widely remote from each other, as in Europe and 
America, 

1882 WJiat calculations hxive been made respecting Hie height of the 
aurora f 

The height of the appearances varies from one to two 
hundred miles y* they sometimes appear within the 
region of the clouds, and very near to the earth. 

1883 Do the auroras appear ai any particular seasons and times t 

They appear more frequently in the winter than in 
the summer, and are only seen at niffht. 




Fig. 84. 

The accompanying figure represents one of the most beautiful of the 
auroral phenomena. 

1884 Do they also occur in the day-time T 

Tlie aurora is known to affect the tnagnetic needle and 
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Anrora-borealls occurs In the day-time. What is galTanlsm f 

the telegraph ; and as the effects upon these instruments 
are noticed by day as well as by night, there can be no 
doubt of the occurrence of the aurora at all hours. The 
intense light of the sun renders the auroral light in- 
visible during the day. 

18SS Of what utility are tJw auroral appearances in tJie polar regions t 

During the long polar night, when the sun is absent, 
the aurora appears with a magnificence unknown in 
other regions, and affords light sufficient for many of 
the ordinaiy out-door employments. 



CHAPTER II. 



GALVANISM. 



1886 What is galvanism f 

It is the production of electrical disturbance hy cTiemi- 
col action. 

1887 What is the most simple manner of illustrating the production of 
ihis electricity f 

If we place a piece of silver on the tongue, and a 
piece of zmc underneath it, no effect will be produced 
as long as the two metals are kept asunder ; but when 
their ends are brought together, a distinct thrill will 
pass through the tongue, a metallic taste will diffuse 
itself, and, if the eyes are closed, a sensation of light 
will be evident at the same moment. 

1888 lb what is this resvU omng f 

To a chemical action developed the moment the two 
metals touched each other. 

The saliva of the tongue oxidizes a portion of the ziTic, which excites 
elechidty, for no chemical action ever takes place without producing elec- 
tricity. Upon hringing the ends of the two metals together, a slight 
current passes from one to the other. 

1889 By whom was Ihe production ofgalvcmc electricity first noticed f 
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How galvanic electricity was discovered. 



By Galvan% professor of anatomy at Bologna, Italy, 
in 1790. 

Having occasion to dissect several frogs, he hung up their hind legs on 
Borao copper hooks, until he might find it necessary to use them for illus- 
tration. In this manner he happened to suspend a number of the copper 
hooks on an iron balcony, when, to his great astonishment, the limbs were 
thrown into violent convulsions. 

1890 On investigating the phenomena what did Galvani discover f 

He found that whenerer the nerves of a frog's leg 
were touched by one metal and the muscles by another, 
convulsions toc^ place on bringing the two different 
metals in contact 




Fiff. 85. 

This is explained by reference to Fig. 85, which represents a frog's legs, 
the upper part dissected in such a way as to exhibit the nerves of the legs, 
and a portion of the spinal marrow. If we now take two thin pieces of cop- 
per and zinc, c z, and place one under the nerves, and the otherin contact 
with the muscles of the leg, we shall find tliat so long as the two pieces 
of metal are separated, so long will the limbs remain motionless, but by 
making a connection, instantly the whole lower extremities will be thrown 
into violent convulsions, quivering and stretching themselves in a manner 
too singular to describe. If the wire is kept closely in contact, these 
phenomena are of momentary duration, but are renewed every time the 
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Construction of a galvanio battery. 



Origin of the term "galvanism.** 




Fig. 86. 



contact is made and broken. Here, then, we have distinct evidence of 
the presence of free electricity, developed apparently by simple contact 

1801 What is the simplest way of exdting a current of galvanic eke- 
triciiy t 

By arranging a series of metal plates in a 
pile, placing them in pairs, with a wet cloth 
between them, it bemg necessarr that one 
of each pair should be more easily oxidized 
than the other. The simple contact of these 
plates will produce a feeble and continued 
galvanic current. 

Mg. 86 represents an arrangement of this character. 

18Q2 What is such <m arrangement of plates for pro- 
dudng electrical currents called f 

A galvanic or voltaic iattery. 

1893 Why are the terms "galvanic" andi "voltaic" 
applied t 

Tliey ori^nated in honor of Galvani and 
Volta, the Italian philosophers who first de- 
veloped these phenomena of chemical electricity, and 
the means of producing them. 

1894: Are (here many metals or other substaruxs whdchj when brought 
together^ are capable of producing galvanic action t 

The number is quite large; among them we may 
enumerate the following: zinc, lead, tin, antimony, 
iron, hrass, copper, silver, gold, pla/tinum, Uach lead or 
graphite, and charcoal. 

1896 Wm any two of these brought together produce a galvanic current t 

Thejwill* but they possess the power in different 

degrees ; ana the more remote they stand from each 

other in the order above given,- the more decidedly will 

the chemical electricity be developed. 

Thus zinc and lead will produce a voltaic battery, but it will be much 
less active than zinc and iron, or the same metal and copper, and this last 
less active than zinc and platmum, or zinc and charcoal. 

189 S Does galvanic or voUaic electricity appear to consist of twoMnds^ 
positive and negative^ as in ordinary electricity f 

It does ; positive electricity always flows from the 
metal which is axated upon most powerfully, and nega- 
tive electricity yV'(?m the other. 
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Poles of a battery. Means hj which galyanic-electridty in quantity can be dereloped. 
1897 What do we mean when we speak of a galvanic circuit f 
The connection of the two metals in the battery, so 
that the positive and negative electricities can meety 
cmdjlow tn opposite directions. 

X898 At what point in the circuit will the manifestations of electricity 
he most apparent f 

At the point where the two (currents meet, 

1890 What is mmnt by the poles of (he battery f 

The two metals forming the elements of the battery- 
are generally connected by copper wires ; the ends of 
these wires, or the terminal points of any other connect- 
ing medium used, are called the poles of the battery. 

Thus, when zinc and copper poles are used, the end of the wire con- 
veying positive electricity from the zinc would be the positive pole, and 
the end of the wire conveying negative electricity from the copper plate 
would be the negative pole. Faraday describes the poles of the battery 
as the doors by which electricity enters into or passes out of the substance 
suflfering decomposition. 

A very simple, and at the same time an active, galvanic circuit may be 
formed by an arrangement aa re- 
presented m Mg. 87. C and Z are 
thin plates of copper and zinc im- 
mersed in a glass vessel containing 
a very weak solution of sulphuric 
acid and water. Metallic contact 
is made by means of the wires, X 
and W, soldered to the plates, the 
poles intersecting at Y. The cur- 
rent of positive electricity, when 
the circuit is closed, passes tmm 
the zinc, through the liquid, to the 
copper, and from the copper, along 
the conducting wires, to the zinc, 
as indicated by the arrows in the 
figure. A current of negative ^eo- 
tricity traverses the circuit ^o, 
from the copper to the zinc, in a 
direction precisely reversed. 

1900 By what chemical action can the greatest aJbundance of galvanic 
electricity he developed 1 

By the ooddaMon of metaUic zinc by weak sulphuric 
acid. 

3.901 The electricity developed hy the action of a single pair of plates 
immersed in add water is very feeble : hmo can it he increased f 

By increasing the number of the plates and the quan- 
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l)ifforent forms of galvanic batteries. Light and heat produced by galvanism. 

tity of the liquid, we increase the intensity of the elec- 
tricity developed. 





FJif,&l, 



Fiff.89. 



Figs. 88 and 89 represent some of the most common forms of galvanic . 
batteries. In Fig. 88 two plates of zinc, z z, inclosing a piece of silver 
between them, are immersed in a glass cylinder, G, containing acid ; S 
and A represent the poles of the battery. In Fig. 89 the battery con- 
sists of two concentric cups or cylinders of copper, C, and a cylinder of 
zinc, Z, fitting between. The acid solution is poured into the spaces be- 
tween the cylinders. Another form consists of an earthenware trough, 
containing acid, in which alternate plates of copper and zinc are arranged, 
and connected together by wires rising from each end of the trough. 

IQOS What are the most ordinary effects prodiuxd by iJie developed 
electricity of a large galvanic battery t 

The production of paries and hrilliant flashes of 
ligkt^ the heating and fusing of metals, the deflagration 
of gunpowder and other inflammable substances, and 
the decomposition of water, saline compounds, and 
metallic oxides. 

10O3 How may the most splendid artificial light huyum be produced? 

By fixing pieces oi pointed charcoal to the wires 
connected with opposite poles of a powerful galvanic 
battery, and bringing them into contact. 

1904 Can intense heat be developed by the action of the galvanic bat' 
tery as well as intense light f 

The greatest a/rtificial heat man has yet succeeded in 

Jiroducing has been through the agency of the galvanic 
attery. 

1905 What refrajcXory stibstances can be fused by the aid of the gal- 
vanic battery f 

All the metals, including platinum, can be readily 
13* 
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Priociples and prooeues of electro-metallnTgy. 

melted ; quartz, sulphur, magnesia, slate, and lime are 
liquefied ; and the diamond fuses, boils, and becomes 
converted into coal. 

IQOO WluU is dedrotyping, or dedro-metaSurgyt 

It is the art or process of depositing^ from a metcdliG 
solution,^ through the agency of galvanic electricity, a 
coating or film of metal upon some other substance. 

1S07 Upon what principles is it accomplished f 

The process is based on the fact, that when a galva- 
nic current is passed through a solution of some metal, 
as a solution of sulphate ot copper (sulphuric acid and 
copper), decomposition takes place / the metal is sepa- 
rated in a metallic state, and attaches itself to the nega- 
tive pole, or to any substance that may be attached to 
the negative pole ; while the acid or other substance 
before in combination with the metal, goes to, and is 
deposited on the positive pole. 

In this way a medal, a wood-engraving, or a plaster cast, if attached 
to the negative pole, may be covered with a coating of copper; if the 
solution had been one containing silver or gold, the substance would 
have been covered with a coating of silver or gold instead of copper. 

1908 HoW can the thickness of {he deposits be regulated t 
Tlie thickness of the deposit, providing the supply 
of the metallic solution be kept constant, will dej)end 
on the length of time the object is exposed to the influ- 
ence of the hattery. 

In this way, a coating of gold thinner than the thinnest gold-leaf can 
be laid on, or it may bo made several inches or foot in thickness, if 
desired. 

The process of electrotyping has been strikingly taken advantage of in 
reproducing expensive engraved plates, as the map-plates of the Coast 
Survey of the United States. The plate of the map, usually on copper, ia 
frequently the work of years under the hand of the engraver, the cost 
being counted by thousands of dollars. If the plate, when finished, were 
printed on direcUy^ the pressure of the paper a few hundred times would 
soon obliierate Iho faint lines of the engraving on the metal, and the plate 
would soon become injured or spoiled. But now the original plate is 
never printed on, but an electrotype on copper is taken from it, at a very 
small expense ; and this may be repeated almost iudulinitely, thus afford- 
ing fresh plates for printing whenever required, 
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Magnetism. Natural magnets. Where fonnd. 



CHAPTER III 

MAGNETISM, 

10 09 Is there any connection between magnetism aiid elechicity f 
There is every reason to believe that magnetism and 
electricity are but modifications of one force. 

1010 WhoA is a loadstone or a natural magTiet t 

It is an ore of iron^ known as the ^'protoxide of 
iron^'^ or " mdgnetic oxide of iron^^ whicn is capable 
of attracting other pieces of iron to itself; and it sus- 
pended freely by a thread, and left to take its own po- 
sition, it will arrange itself so that its extremities will 
point towards the north and south poles of the earth. 

1011 Are natural magnets rare t 

They are not ; they are found in many places in the 
United States. In ArJcansa^^ especially, an ore of iron 
possessing remarkably strong attractive powers is very 
abundant. 

The magnetic ore is usually of a dark 
grey hue, and possesses but little me- 
tallic lustre. Mlg. 91. If a piece of this 
ore be dipped in iron filings, or a number 
of small needles, they will generally be 
found collected and clinging together in 
great quantities at two opposite extremi- 
ties, as represented in the figure, whilst 
the middle portion is nearly destitute. 
The magnetic property, whatever it may Fiu.si. 

be, seems therefore to be collected and act 
with the greatest energy at two opposite extremes; these have been 
termed poles, 

jLQlS What is the origin of die terms ^Tnagnef aud " magnetism f" 

The loadstone or natural magnet was first found at 
Magnesia^ in (Xydia, Asia, whence were derived the 
names. 

1013 Can a natural magnet communicate its attractive properties to 
other bodies by contact f 

It can, and that too without any apparent loss of 
attractive strength. 
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Bodies capable of being magnetized. Indactioti. Magnetic needle. 

1914: What bodies are capable of being TJiagneUzed by contaci wiih 
nalurai magnets f 

Iron and steel are the substances most susceptible of 

this influence, but brass, nickel, and cobalt can also 

become magnets. 

1016 Does ike magnetism imparted to a piece of soft iron^ or sted, by 
coinJtact with a natural magnet^ remmn permanent in their substances f 

In the sted it doeSj but the soft iron loses its power as 
soon as it is removed from the magnet. 

ISIQ Is it necessary (hat dbsohde contact should take place between a 
magnet and a piece of soft iron to render the latter a ma,gnet f 

No, every piece of soft iron brought near a magnet 
becomes by induction itself a magnet. 

1017 What do you mean by induction f 

It is the production of like effects in contiqnous lo- 
dies. In electricity or magnetism, it is the influence 
exerted by an electrified or magnetized body through 
a non-conducting medium without any apparent com- 
munication of a current. 

1Q18 What is meant by the directive power of the magnet f 

It is that power which will cause a magnet, when 
suspended freely, to constantly titm the same part to- 
wards the north pole and the opposite part towards the 
south pole of the earth. 

IQIQ What are the poles of a Tnagnei f 

They are the ends of the magnet, and are denomi- 
nated north and south poles, according as they point to 
the north or south poles of the earth. 

1QS30 What are (he poles of ffie earth? 

The eostremities of the eoHKs axisj or the points on 
the surface of the globe through which the axis passes. 

lOSl What is a magnetic needle t 
Simply a bar of steel which is a 
magnety suspended in such a way 
that it csui freely tm^ to the nortn 
or south. 

1083 What is a mariner's compass f 

Pi^ gg. It is a deUcaU sted har or 
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The magnetic compass. Discovery and first use of the compass. 

needle balanced upon a pivot placed beneath its centre 
of gravity in such a way that it can turn horizontally 
wimout obstruction. This needle is usually inclosed in 
a box, upon the bottom of which is a card, with the 
various pointsr-— north, south, east, west, etc., etc., 
marked upon it. 




Fig. 93. 

Such a needle, if the box containing it be placed on a level surface, will 
generally be observed to vibrate more or less, till it settles in such a 
direction that one of its extremities or poles will point towards the north, 
and the other consequently towards the south. If the position of the box 
be altered or reversed, the needle will always turn and vibrate again, till 
its poles have attained the same direction as before. 

1923 Does the compass needle always point exacUy norUi and south t 

It does not; its natural direction is towards the north 

and south poles, but it seldom points due north or 

south. 

lQ2<t WTw first discovered the fa/d that a magnet would invariably 
point to the north and the souths and rrwde use of this knowledge in construct- 
ing a compass t 

It is claimed to have been discovered by the Chinese: 
it was known in Europe, and used in the Mediterranean, 
in the thirteenth century. 

IQSS How were the compasses of that time constructed t 

They were merely pieces of loadstone fixed to a corky 
which floated on the surface of water. 

13236 Is the earth itself supposed to he a magnet f 

It is undoubtedly a great magnet. 
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Hov iron bars become magnetic Hoise-shoe magnets. 

1937 Is iron under certain circumstances rendered magnetic by the 
inductive ad.ion of the earth! s magnetism t 

Most iron hars and raUs^ as the vertical bars of win- 
dows, that have stood for a considerable time in a per- 
pendicular position, will be found to be magnetic, 

1038 If we suspend a bar of soft iron sufficiently long in the air, wiU it 
assume magnetic properties f 

It will gradually become mAignetic; and although 
when it is first suspended it points indifferently in any 
direction, it will at last point north arid south, 

19230 How may a bar of iron, such as a kitchen poker, be made imma- 
diately 7nagneiic,mt?iout resorting to the use of other m^ignetsf 

If the bar devoid of magnetism is placed with one 
end on the ground, slightly inclined towards the north, 
and then struck one S9na/rt llow with a hammer upon 
the upper end, it will immediately slqc^uxq polarity^ and 
exhibit the attractive and repellant properties of a 
magnet. 

19SO What is a horse-shoe magnet t 

It is a m^7ietic bar bent into iheform of a horse-shoe. 

When a piece of iron not magnetic is brought in 
contact with a common magnet, it will be attracted 
by either pole; but the most powerful attraction 
takes place when both poles can be applied to the 
surface of the piece of iron at once. The magnetic 
bars are for this purpose bent into the shape of the 
letter U, and are termed horse-shoe Tnagneis. 
Several of these are frequently joined together 
with their similar poles in contact ; they then con- 
stitute a magnetic battery, and are very powerful, 
either for lifting weights, or charging other mag- 
nets. (See Fig. 93.) 

1931 If we break a magnet across the middle, what happeTist 

Each fragment becomes converted into a perfect 
magnet; the part whteh originally had a nortli pole 
acquires a south pole at the fractured end, and the part 
which -originally had a south pole, gets a north pole. 

193S ^ we divide up a magnet to the extrmne degree of meclianical fine- 
ness possible, wiU the pieces possess magnetic powers ? 

Each fragment, however small, will be a perfect 
wxignet. 
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Electro-magnetism. When and how diaoovered. 



CHAPTER IV. 

ELECTEO-MAGNETISM. 

1033 WTuUis electr(Hnagnetismt 

It is the magnetism developed through the agency 
of eUctneal or galvcmic action. 

XQ3<^ What were the earliest pheru/mena observed which indicated a 
relation between magnetism and electriciiy f 

It was noticed that ship's compasses have their direc- 
tive power impaired by lightmng, and that sewing 
needles could be rendered magnetic by electric dis- 
charges passed through them. 

1336 What discovery^ m£ide by Prof. Oersted of Copenhagenj esta- 
Uished beyond a doubt the connection of electricity and magnetism f 

He ascertained that a magnetic needle placed near a 
metallic wire connecting the poles of a galvanic battery 
was compelled to change its direction, and that the new 

direction it assumed was deter- 
% ^ *« mined bv its position in relor 

J^ii^=======!j^=^===^s I tion to the wire and to the di- 
rection of the current trans- 
mitted along the wire. 

Thus, if, as in Fig. 94, a needle be in- 

Kg. 94. closed in a wire not touching it at any 

point, and a current of electricity pass 

through the wire, the needle will be made to move in accordance with the 

direction of the current 

1336 What other important discovery was made about the same 
iimef 

It was found that if a piece of soft iron, not possessing 
magnetic power sufficient to elevate a ffrain weight, be 
placed within a coil of copper wire through which a 
galvanic current is passing, it will become, through the 
influence of the current, a powerful magnet; ana will, 
so long as the current flows, sustain weights amount- 
ing to many hundreds of pounds. (See Figs. 95 and 
96.) 
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Excitation of Magnetism. Morse's Magnetic Telegraph. 





Fig. 94. Tig. 95. 



1937 Is ihe magnetic power of Vie bar found to be wholly dependeni an 
(he existence of ihe cujrent t 

It is f* the moment the current stops, the weights 
.yall away from the bar in obedience to the law of 
gravity. 

1938 n(ya) greai weights have been lifted by magnets formed in this 
manner ? 

An electro-magnet constructed by Prof. Henry was 
capable of elevating and sustaining about a ton weight. 

1939 Upon what principle does the construction of ihe Morse magnetic 
telegraph depend f 

Upon the principle that a cnn*ent of electricity circu- 
lating about a bar of soft iron is capable of rendering it 
a magnet. 

Tlie arrangement by which this principle Is made available in the con- 
struction and operation of the Morse magnetic telegraph will be under- 
stood by reference to the accompanying diagram (Fig. 96), which repre- 
sents the construction and arrangement of this form of telegraph. F and 
E are pieces of soft iron surrounded by coils of wire, wliich are connected 
at a and b with wires proceeding from a galvanic battery. When a cur- 
rent is transmitted from a battery located one, two, or three hundred 
miles, as the case may be, it passes along the wires and into the coils sur- 
rounding the pieces of soft iron F and E, thereby converting them into 
magnets. Above these pieces of soft iron is a metallic bar or lever. A, 
supported on its centre, and having at one end the arm D, and at the 
other a small steel point, o. A ribbon of paper, p h, roUed on the cylinder 
B. is drawn slowly and steadily off by a train of clock-work, K, moved by 
the actien of tlie weight P on the cord C. This clock-work gives motion 
to two metal rollers, Gr and H, between which the ribbon of paper passes, 
and which, turning in opposite directions, draw the paper from the cj^lin- 
der B. The roller H has a groove around its circumference (not repre- 
sented in the engraving) above which the paper pjisses. The steel point, 
Q, of the lever, A, is also directly opposite this groove. Tho spring r pre- 
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Telegraph, magnetic, principles o£ Intelligence, bow conveyed by. 




Fig. 96. 

vents the point from resting upon the paper when the telegraph is not in 
operation. 

1940 Why is it necessary, in conveying the telegraph wires, to support 
ihem upon glass or eariJien cylinders f 

These are used for the purpose of insuring the perfect 
insulation of the wires, since but for this the electricity 
would pass down a damp pole to the earth, and be lost. 

3.941 Is there any truth in the idea that many persons have, that soTne 
principle passes along the telegraphic wires when intelligence is transmitted t 

This supposition is wholly erroneotcs ; the word cur- 
rent, as something flowing, conveys a false idea, but wo 
have no other term to express electrical progression. 

1Q4S How can we gain an idea of what reaUy takes place, and of the 
nature of the influence transmitted f 

The earth and aill matter are reservoirs of electricity ; 
if we disturb this electricity at Boston by voltaic influ- 
ence, its pulsations may be felt in New York. Suppose 
the telegraphic wire were a tube, extending from 
Boston to New York, filled with water. Now, if one 
drop more is forced into it at Boston, a drop must fall 
out at New York, but no drop was caused to pass from 
Boston to New York. Something similar to this occurs 
in the transmission of electricity. 
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What ia starch ? How mannfactnred ? 

PAET IX. 

FAMILIAR CHEMISTRY. 



Id<t3 What is starch? 

The name starch is given to a mealy svbstance which 
is deposited in most vegetahles at the time of ripening, 
from the juices with which the cells of the plants are 
fiUed. 

10<^<t Whai commcm vegetable especially abownds in starch t 

The potato ; which consists entirely of cells filled 
with starch and water. 

A cell is a little membranous bladder filled with a solid or fluid sub- 
stance. 

1Q45 Why does (he lawndress find it necessary to boil starch before 
using it for stiffening linen, etc. t 

The starch, consisting of little granules, is insdlvhle 
in cold watef ; but when acted upon by hot water, 
the granules burst and allow their contents, which are 
soluble, to become mingled with the water. 

Starch is manufactured as follows : — 

Potatoes, for example, from which most of the starch of commerce is 
manufactured, after being pared, are grated to a pulp. This pulp is put 
upon a sieve and stirred about, while at the same time a little stream of 
water is made to flow upon it. A milky liquid runs through the sieve, 
bui the fibrous portion of the potato, the vegetable tissue, remains behind. 
This liquid, after a short interval, deposits a white powder, which is the 
starcli. By the simple process of tearing up the vegetable tissue, and 
removing the inclosed starch by washing, this substance may be procured 
from a great variety of plants. 

• 104S Why do potatoes^ beans, rice^ and most of the common vegetables^ 
swell up when boiled vnUi loater t 

Because the starch absorbs water at the boiling tem- 
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Coiiq>o8ition of wheat flour. Adda. Alkalies. 

perature, which causes the cells to swells thereby giv- 
ing to the vegetable a rounded appearance. 

1Q4:7' What is the composition of wheat fiour f 

Stanch is one of the jm^nei/pal constituents of wheat 
flour, as well as of all other kinds of meal. The other 
principal constituent is a grey, tough, viscous sub- 
Btance, called gluten. 

1Q4:8 To what does pasie^ made of wheat or rye flour, owe its adhe- 
siveness f 

In some measure to the starchy but principally to the 
gluten contained in it. 

104:Q Can starch he converted into gum and sugar f 

It ccm ; fruits and plcmts effect this chcmge nai/ur 
rally : we can also produce the change artificially by 
chemical processes. 

1B50 Why are potatoes frozen and thawed sweet f 

Because by the freezing action the starch of the po- 
tato is in part conwerted into suga^. 

1Q51 Why are apples, pears, grapes, etc., in their unripe state sour, 
and in their ripe condition sweet? 

In the unripe fruits mentioned starch is present ; in 
the ripe fruits it is absent ; in the process of ripening 
the starch is con'oerted into Sfuga/r^ and the fruit losing 
its sour taste, becomes sweet. 

lQ5i3 Whai are acids f 

Acids are substances which excite the taste of sour- 
ness when applied to the tongue ; they change the Hue 
juices of vegetables to red^ and combine with alkalies 
to form neutral compounds. 

1053 What is an alkali f 

An alkali is a body that possesses properties^ the 
converse of those of an add. It has a highly hitter, 
a^d taste, changes the hlue juices of vegetables green, 
or the juices of vegetables which have been changed 
red by an acid, back again to blue. Potash and soda 
are the representatives of the alkalies. 

1Q54: When sulphur is burned in the air what is the product formed t 

Sulphuroics add. 
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Bnlphario, nitric, and mnrlatio acids. Sulphnretted hydrogen. 

1066 What causes the suffocating odor of a lighted brimstone match t 

The sulphurous acid generated by the combustioii 
of the sulphur. 

106Q What is sulphuric a/^id or oU of vitriol r 
It is a compound of sulphur and oxygen^ containing 
one-third more oxygen than sulphurous acid: 

1957 Wh(U is sulphuretted hydrogen f 

A ffos formed by the union of sulphur and hydrogen. 
It possesses an oflfensive odor, and is very poisonous. 

1Q68 Ebw is sulphuretted hydrogen formed in nature f 

Principallv from the decomposition of animal suth 
standees, as blood, flesh, hair, etc. 

1Q5Q Why does the yolk of an egg tarnish a silver spoon f 
Because it contains a little sulphur^ which, at the 
temperature of an egg just boiled^ will decompose tlie 
water or moisture upon the spoon, and produce sitlr 
phuretted hydrogen gas^ which will tarnish silver. 

Both the white and the yolk contain sulphur, but the latter the most 
abundantly. 

1960 WJiat'is it (hat makes an open or foul sewer so destructive of 
health to any district in which it may be situated f 

The evolution of sulphuretted hydrogen. When in- 
haled, it acts directly upon the blood, thickening it, 
and turning it black. 

1961 Why do surf aces painted mth leadpaints^ in the vicinity of sew- 
erSy soon turn blacky or become discolored f 

Through the action of sulphuretted hydrogen. 

1968 What is nUric acid f 

Nitric acid, or aqua-fortis, is a compound of five 
parts of oxygen and one of nitrogen. 

It is a liquid ; when pure, colorless, and highly corrosive ; it attacks al- 
most all dead, unorganized substances, and destroys living tissues. 

1963 What is muriatic, or, more properly, hydrochloric acidf 

A compound of hydrogen and chlorine usually pre- 
pared from salt. It is an acid much used in the arts. 

1964 What is " lunar caustic ?" 

A compound of nitric acid and oddde of silver, 

1966 Why^ fffhen lunar caustic is applied io the fleshy does U bum and 
destroy it f 
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Tanning ofhides to form leather. Yinegar AloohoL Teaist 

Through the agency of the nitriG add contained in it. 

1©©0 Do plants produce acids t 

Acids are formed in the veffetable Jcingdorn in great 
abundance / they especially exist in unripe fruits, im- 
parting to them a sour taste. 

Acids formed from mineral substances are called "mineral acids;'* 
acids formed by or from vegetable substances are called '' organic acids." 

IQQT' Why does tanning hides convert them into leather f 

Hides are steeped in water, with ground bark of the 
oak, hemlock, or other trees ; these barks contain large 
quantities of tannic a^id^ which combines with the 
skin of animals, and forms a combination which is in- 
soluble in water and not subject to putrefaction — ^viz. 
leather. 

1963 What is ordinary vinegar f 

An oGidj called acetic acidy and water. 

1B6Q jff wine or beer be imperfectiy corked, why does it rapidly turn 
sourf 

Because air gets into the liquor, and the oxygen of 
the air combining with the alcohol of the liquor pro- 
duces acetic acid, or vinegar. 

1070 Whatisakoholt 

Alcohol is the spirit existing in wine, beer, cider, 
etc., obtained in the process of jemnentation. 

1071 What is a ferment? 

A ferment is a substance containing nitrogen in a 
state of decomposition, which is able to excite fermen- 
tation in solutions of sugar; old cheese, putrefying 
flesh, blood, etc., all of them are ferments. 

1Q7S What is yeast f 

We apply the term yeast to a particular species of 

ferment ; the foam of leer (or of some similar liquor), 

produced h^ jerineritation, 

1©73 Can you explain why it is that a body in a state of fermentation 
or putrefaction should cause unlimited quantities of simiUir matter to pass 
into the same state f 

We only kTiow the fact : the reason we are ignorant 
of The most minute portion of milk, paste, juice of 
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grapes, flesh, or blood, in a state of fermentation or 
putrefaction, causes fresh milk, paste, grape juice, flesh, 
or blood, to pass into the same condition, when in con- 
tact with them. 

1074 In stoHng or packing frvM for future use why is it riecessary to 
carefully remove every decayed specimen f 

Because the decayed portions of one specimen will 
quickly communicate decay to the fresh fruit in corvta/st 
with it, and soon the whole mass of fruit will become 
putrescent. 

IQT^S If in a vesssl^ or any other structure, one tirriber becomes decayed 
what course ought to be adopted t 

It should be removed immediately^ or the decompo- 
sition once commenced wiU in time aflfect the whole 
structure. 

It sometimes happens that physicians, in dissection, are serioual/ poi- 
soned by the shghtest cut of a knife which has been used upon the dead 
body. The knife introduces to the healthy blood, through the wound, 
a minute portion of matter in Vie staie of decomposition or putrefaction. 
This acts as a fermeTii, and causes the healthy matter in contact with it 
to pass into the same decomposed state. The action once commenced 
rapidly extends, until the whole body becomes affected, and death ensues. 
It is almost impossible to heal wounds of this character. 

IQTS Why is it especially dangerous to eat fruit or ineais partially 
decayed f 

Because the decayed portions of the substance eaten 
are liable to induce the sar}ie condition in the healthy 
organs of the stomach with which they may come in 
contact. 

IG; 7"7 Why do fruit preserves freqiienUy turn sour f 

Because, owing to the action of some fermenting 
substance present either in the fruits themselves or in 
the air, the sugar used in preserving is converted into 
alcohol, and the alcohol into vinegar. 

±Q'7& Whg does tlie housewife scald lier preserved fruits to prevent iJieir 
turning sour f 

Because fermenting substances and fermenting ac- 
tion are destroyed by a boiling temperature. 

1979 Why d/Twe V^ep preserves, beer, cider, or oHie?^ substances liable 
to turn sour, in a cool place f 

Because a depression of temperature arrests fermen- 
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tation^ thongli it does not prevent its renewal when the 
temperature is increased. 

1980 WhatisetJi&rf 

Ether is a product obtained by distilling strong alco- 
hol and suipliuTic dcid. Tlie product is called sul- 
phuric ether, but it does not contain sulphuric acid, 
nor has it any sulphur in its composition. 

1Q81 What are Vie properties of eOier f 

It is an exceedingly volatile^ injlammahle body, pro- 
ducing insensibility when inhaled, and readily dis- 
solving all fatty and oily bodies. 

1Q8S Why win eiher remove spots of oil, pairUj or grease from gar^ 
mentst 

Because it is a solvent for all greasy, oily matters. 

1083 What are the best agents for depriving putrid and decaying 
animal and v\2getahle substances of their offensive odms 1 

Chloride of lime is the most effectual agent; and 
chloride of zinc and sulphate of iron (green vitriol) are 
also exceedingljr efficient. On a large scale, as in the 
sanatory cleansing of towns, pulverized charcoal, burnt 
clay, and quicklime, are to be recommended. 

1084 What effect does the use of perfumes or the burning of pastika 
have upon offensive odors f 

They merely disguise the odor, but do not remove or 
destroy it. 

1Q8S By adopting what precautions may a person safely enter sick 
rooms, or visit, without risk, the most dangerous receptacles ofJUth f 

By moistening a linen cloth with vinegar, and sprink- 
ling over it finely-powdered chloride of lime. 

Air breathed through this, applied to the mouth and nostrils, will enter 
the lungs charged with a minute quantity of chlorine, which will effec- 
tually destroy any noxious vapors or miasms that escape from diseased 
bodies, or from decaying animal and vegetable substances. 

l©8e Wfiat three conditions are requisite to produce putrcefation in 
animal and vegetable substances f 

It is necessary that they should be exposed to the 
combined influence of air, heat, and 7noisture. 

1087' Why is a substance preserved from decay by drying, orbyihs 
exclusion of air from it f 
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IIow smoking preserves meat What is albumen f 

Because bv so doing we remove the moisture and air 
essential to the process of decay. 

±Q&Q Why does the smoking of fish or flesh contribute to their pre- 
servafion f 

Because the volatile matters of the smoke, such as 
creosote, pjroligneous acid, and the like, effect a 
species of chemical comhmation with the fibre of the 
meat, and with the substances contained in the natural 
juices of the flesli, which combinations are less liable 
to decay than the substances themselves. 

IQSe What is aJbumm f 

Albumen is an animal substance as well as vegetable. 
It exists most abundantly, and in its purest natural 
state, in the white of an egg^ from whence it derives its 
name (album ovi)^ wliich is the Latin for the white of 
an egg. 

The serum or fluid portion of the blood (wliicli, after exposure to the 
air, is separated from tlie more solid part) tlio vitreous aud crystalline 
humors of the eye, the brain, the spinal marrow, and nerves, all contain 
albumen. 

100O Whai is the yolk of an egg f 

This also consists of aibuntcn^ but contains m addition 
a yellow oily which imparts to it its color. 
X&Ql. Why is rneai tough which has been boiled too long f 

Because the alhum<in becomes hard, like the white 
of a hard-boiled egg. 

The best way of boiling meat to make it tender is this : Put your joint 
in very brisk boiling water; after a few mhiutes add a little cold water. 
The boiling water will fix the albumen, which will prevent the wate* 
from soaking into the meat, keep all its juices in, and prevent the 
muscular fibre from contracting. The addition of cold water will secure 
the cooking of the inside of the meat, as well as of the surface. 

loss Why is meat always tough if it be put into the boiler before (he 
water boils f 

Because the water is not hot enough to coagulate the 
albumen between the muscular fibres of the meat, 
which therefore; runs into the water, and rises to the 
surface as scum. 

1B03 WJiy is the flesh of old animals tough f 
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What is a poison ? Arsenic Certainty of its detection. 

Because it contains very little albumen, and much 
muscular fibre. 

ieQ4 Wkatis a poison f 

A poison is any agent capable of producing a dan- 
gerous ejBfect upon anything endowed with life. 

1996 In cases of poisoning by svbstances taken into the sUymac\ wlwi 
course shovM he pursued^ in the absence of medical attendance f 

The first step is to evacuate the stomach by means 
of powerful emetics, and when vomiting has taken 
place, warm water and the white of eggs may almost 
always be given with advantage. 

1996 Can poisons administered for criminal purposes be aknogt 
certainly detected? 

Tliey can; chemical science within the last few 
years has made such advances, that the most minute 
quantities of all the best Imown poisons can be detected 
with certainty long after death. 

There is no poison so liable and certain to be found as arsenic, and in 
almost every ease of poisoning with mineral poisons, science is enabled to 
detect the substance, even when life has been extinct for years, and the 
body nearly decomposed. . 

1997 What is arsenic? 

Metallic arsenic is an exceedingly hrittle metal^ of a 
steel-grey eolo7\ It vaporizes, when heated, with a 
strong odor of garlic, a property not possessed by any 
other metal. • 

The substance used as poison, and sometimes known as ratsbane, is 
arsenious acid, a compound of arsenic and oxygen. Arsenious acid has 
the form and appearance of a fine white powder. 

1998 What is tJie best remedy in cases of poisoning mth arsenic? 

The hydrated peroxide of iron (iron rust)* is con- 
sidered the best remedy. 

1999 Is lead a poison ? 

* The following is the best method for preparing this substance: 
Take common copperas (sulphate of iron) four ounces ; dissolve in warm 
water in a glass, or porcelain dish, and add a small quantity of sulphuric 
acid, and afterwards ammonia solution, so long as a dense red precipitate 
is formed. This precipitate carefully strained off, and flioroughly washed 
in a filter with water, Lb hydrated peroxide of iron. So long as kept 
moist, it may be preserved for a great length of time. 
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Lead pipes, how poison water. Verdigris* Calomel. 

Lead and nearly all its compounds are dxingerous and 
secret poisons ; when received into the system, it fre- 
quently remains dormant for years, and then suddenly 
manifests itself in various forms of disease. 

SOOO What is the disease called "painters' colic ?" 

A disease to which painters and others working in 
lead a/re liable^ in consequence of receiving into their 
system, imperceptibly, portions of lead. 

J3001 Is it dangerous to sleep in^ w breaiJie the air of, a room newty 
painted with paints containing lead f 

It is highly d/mgerous^ since the air is filled with a 
vapor of the lead compound used as paint. 

8002 Wh'g are some waters, when conveyed through lead pipe, 
poisonous? 

Waters which are very pure and contain mitch oxygen 
dissolved in them; waters which contain nitric acid 
compounds, such as those flowing from the vicinity of 
bam-yards, manm-e heaps, and those which contain 
cormnon salt or organic mMterj as water flowing fix)m 
swamps and fields; waters containing soluble car- 
bonates — all dissolve lead from the pipes through 
which they may be made to pass Constant use of 
such waters, in the process of time, will introduce sufli- 
cient lead into the system to produce disease, which is 
often attributed to other causes. 

S003 What is verdigris? 

Verdigris is a compound of copper, oxygen, and 
acetic acid. This, and all the compounds of copper, are 
very poisonmts. The most efficacious antidotes for 
poisoning with copper are, white of eggs and milk. 

2004: Whai is calxmelf 

It is a compound of two parts of mercury united to 
one of cKLorvne^ forming the sub-chloride of mercury. 
The preparation commonly known in medicine as " blue 
pill,'^ is a preparation of calomel. 

2005 Wlmt is corrosive svblimate f 

A compound of mercury and chlorine united in equal 
proportions, forming the perchloride of mercury. 
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Preservation of wood. Miasm. Contagion. 

J300S Are bath these compounds^ calomel and corrosive svhlimate^ 
poisons 1 

They are ; corrosive sublimate, especially, is a most 
deadly pmson. In case of poisoning by it, the most 
effectual antidote is white of eggs. 

S007 What is the process of preserving wood from decay, commonly 
termed " kyanizing f " 

It consists in saturating the fibres of the wood with 
a 8oluti(m of corrosive sublimate. 

Poisonous substances, and corrosive sublimate especially, have the pro- 
perty of protecting animal a^id vegetable substances from decay. The 
skins of stuffed birds and animals, and the plants of a herbarium, may be 
protected from insects and decay, by washing them with a solution of cor- 
rosive sublimate. It sliould not, however, be forgotten, that these sub- 
stances by such treatment become themselves poisonous. 

i3008 Whaiis contagion f 

"We apply the term contagion to that subtle matter 
which proceeds from a diseased person or body, and 
which communicates the disease to another person or 
body. 

Contagion differs from miasm in being the product of disease, and in 
reproducing itself 

SOOO Whaiis miasm or miasmata f 

Miasm or miasmata is the product of the decay or 

putrefaction of animal or vegetable svhstancesy and 

causes disease without being itself reproduced. 

Contagion occasions disease in the same way that yeast excites fermen- 
tation. Miasm often acts, by its chemical properties merely, as a poison. 

SOlO Why are contagious diseases sometimes communicated to indi- 
viduals who merely approach ihe vicinity of diseased persons^ but do not come 
in contact wUh or even see them f 

Because the air itself, which has been in contact with 
the diseased persons, carries with it the seeds or germs 
of infection^ and thus communicates disease, sometimes 
at great distances. 

soil Why are not all persons affected alike when exposed to similar 
contagious diseases f 

Contagious matter is not capable of producing dis- 
ease, untess a compound is present in the system capahle 
of being decomposed by contact with the exciting body. 
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SnBceptlbUity to contagion. Nntritire Taltle of food. 

SOIS What do we mean by susceptibiiUy to contagion f 
We mean that the hlood of a person corvtains sub- 
stances by the decomposition of which the exciting body 
or contagion can be rejoroduced. If these substances 
are not present, and if tne system be perfectly healthy, 
contagion will fail to produce disease. 

S013 WhxjLi is Vie relative nutritive value of the differerd kinds of meal 
as food? 

The relative nutritive value of the different meats for 
food is as follows: heef is the Tnost nutritioTis; then 
chicken, pork^ mutton, and veal. 

S014: Wh/tt varieties offish are the most nutritious t 

The haddock, the herring, the salmon, and the ed, in 
order. 

8016 What vegetable of ordinary consumption is the most nutritious t 

The cabbage. 
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ABSOBPnoN of light, 261 

of heat, 172 
Abntment, what is an, 45 
Acetic acid, 805 
Acids of plants, 805 
Acid, what is an, 808 
Action and reaction, explained, 28 

illustrations of; 28 
Adhesion, what is, 12 
Adult, oxgyen respired by an, per hour, 

209 
Aerolites, general appearance of; 96 
definition ofl 94 
velocity ol^ 95 
weight oil 95 
AfHnity, what is, 198 
Air, always contains molstare, 91 
in motion, 212 
breathed twice unwholesome, 205 
condensed by cold, T5 
currents of. in an occupied room, 212 
exists in all water, 65 
expanded by heat, 75 

proof of, 75 
fresh, how much required per hour 

for breathing, 210 
heated, ascends, 204 

how proved, 205 
how ascends in chimneys, 215 
how escapes fh>m the lunxs, 72 
how heated and cooled, 74, 75 
impenetrable, 68 
in motion, why feels cooL 158 

spring, why chilly. 188 
necessary for the production of sound, 

porous, 68 

atmospheric composition of; 68 

weight oi; 69 

how proved, 69 



Albumen, in meat, 8U6 
what is, 308 
Alcohol, what is, 805 
Alkali, what is, 808 
Angle, definition of; 251 
Animals, change of color in winter of; 274 
color of arctic, 175 
distribution of, 142 
foretell changes in the weather, 

118 
the strongest, 88 
Apples, unripe, why sour. 808 

when sour and when sweet, 808 
Aqueducts, principle of construction of, 50 
Aqua-fortis, what is, 804 
Architecture, defined, 41 

origin of the varieties of; 41 
Architrave, 47 
Arsenic, poisoning by, 809 

what is, 809 
Arch, what is, 48 

when invented, 48 
Ashes, how preserve a fire, 228 
Atmosphere, amount of carbonic acid gas 
in, 207 
height of, 70 
not invisible, 69 
pressure oi; 71 
what is the, 69 
Atom, what is, 5 
Attraction, what is an, 11 
Aurora borealis, cause of, 287 
height of; 288 
occurs by day as well as 

by nificht, 289 
utility of; 289 
what is, 287 
where seen, 287 
Avoirdupois weight, origin oi; 20 



when rarefied. 
Albumen, in eggs, 808 



Ball, alflstic, why Teboonds, 28 
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Balnatera, what are, 45 - 

Balloon, why rises in the air, 18 

Bark, how especially adapted as a coyer- 

ing for trees, 157 
Barometer, constmclion o^ 102. 108 

heat and cold no effect on, 118 
how differs from a thermo- 
meter, 104 
how invented, 101, 108 
tube, why left open, 104 
use of, for determining the 
state of the weather, 102 
Base of a column, 46 
Battery, galvanic, 291 

poles of, 293 
Beams, strength or in different positions, 

86 
Bed ooveringa, the warmest, 218 

india-rubber, why not used 
for, 218 
fbathor, safe place in a thunder storm, 
288 
Beer, whv turns sour, 805 
Bell, cracked, why discordant, 119 
metal, composition ot, 116 
sound of; stopped by tonchine it, 118 
Bellows, use of in kindling a fire, Wd 
Birds, how enabled to fly, 26 

why stretch out thfir necks in fly- 
ing, 27 ^^ 
Black, the absence of color, not a color, 
270 
why some bodies are, 270 
Blankets, why warm, 148 
Blood, arterial and venous, 287 

color 0^887 
bow affected by oxygen, 205 
Blowers, of grates, &c., use of, 217 
Boats, life, how prevented from sinking, 

64 
Body, a, how far it can fhll in one second, 
28 
what is a, 4 
Boiling point, influence of atmospheric 
pressure on, 157, 158 
ora liquid, 166 
Bones, hollow cylinders, 87 
Boots, why cannot a man raise himself by 

pulling on the straps of^ 28 
Bottle, why gurgles, 78 
Bottles of ale and cider, why fk^quently 

burst, 74 
Bouquets, arrangement of flowers in, 273 
Breakers, what are, 61 
Breath, why visible in winter, and not in 

summer, 89 
Breathing on glass, why dnils it, 83 

whv difficult at a very high 
elevation, 72 
Bricks, burned, why red, 89 

why used for lining stoves and fhr- 
naccs, 151 
Broth, cooled by convection. 159 
Bubbles, air, in ice, origin of, 178 

in a tea-cup. how attracted, 14 
on leaves of water plants, what, 
are they, 236 j 

soap, why ascend, 66 | 



Building, properties of a good, 41 
Buildings, principle of warming and ven- 
tilating, 204 
Burning point, what is, 222 
Burns on the skin affect respiration, 235 



Calomel, what is, 810 
Caloric, meaning of term, 181 
Candle, why burns when lighted, 281 
Cannon, distances to which they can send 
a ball, 85 
▼Urieties o^ 85 
Capillary attraction deflnod, 65 
vessels, action of; 287 
what are they, 286 
Capital of a column, 46 
Carbon, more thrown off flrom the system 
in winter than in summer, 240 
what is, 224 
Carbonic acid, sources of; 213 
gas, 206 

a poison, 207 
where found, 206 
Cat, fhr of; why sparkles in eold weather, 

278 
Cats, why see in the dark, 267 
Cellars, why cool in the summer, 151 
warm in the winter, 151 
Cement, definition of, 88 
Cements, hydraulic, 89 
Centrifugal force, 23 

illustrations of; 23, 24 
Chalybeate waters, 54 
Champagne, why sparkles, 78 
Charcoal, how made, 224, 225 
what is, 224 
why black, 261 
Chemistry, familiar, 803 
Children, why difficult to learn to walk, 

18 
Chimney, fire in, how extinguished, 230 
Chinmeys, how quicken the ascent of hot 
air, 215 , 
of manufactories, why usually 

very long, 215 
principles of construction o^ 

216 
smoke under what cfroomstan- 
ces, 216 
Choke-damp, what is, 211 
Church, crowded, persons in feel drowsy, 

210 
Circuit, galvanic, 292 
Cities, air of, less pure than the country, 

210 
Cleanliness, necessibr of; 288 
Climate, meaning of the term, 104 
Climates, peculiarities o^ 104 

temperature of, coloration pecu- 
liar to, 271 
Clock, common, what is a, 29 
Clocks, why go faster in winter than in 

the summer, 30 
Clothing, contains no warmth in itself; 
152 
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Clothing, how makes us warm, 147 

use of, 148 
Clouds and fog, diiference between, 88 
Clouds, cause of their various shapes and 
appearances, 85 
color of, 85 

distance above the earth, 84 
size oi; 84 

sunset, why colored, 86 
what are, 88 
when high and low, 88 
Coal, anthracite, 225 
bituminous, 225 
deposits, extent of, 227 
mineral, origin of, 225 

produced from vegetable 
matter, 225 
Cohesive attraction, 11 

illustrations o^ 12 
Cold, greatest arttflcial, 184 
natural, 184 
how occasioned by wet clothes, 197 
what is, 130 
Color, does not exist in the dark, 270 

influence of, on the deposition of 
dew, 168 
Colors, artificial, why fade in the sun, 271 
dark, optical eflFects of, upon the 

size of the figure, 273 
light, effect of, 274 
disadvantages of a dress of uniform, 

273 
most conspicuous in battle, 274 
peculiar to arctic regions, 272 
seven primary, 256 
warmest for dresses, 175 
Columns, why larger at the bottom than 

at the top, 42 
Combustion, a process of oxidation, 220 
chemical action of, 221 
essential requisites ol^ 221 
spontaneous, illustrations of, 

230 
what is, 220 
Compass, does not always point north and 
south, 297 
mariner's, 279 

how constructed, 297 
when discovered, 297 
Compasses, ships*, how affected by light- 
ning, 299 
Compressibility, 6 
Concord and discord, what are, 120 
Contagion, susceptibility to, 810 

what is, 811 
Convection of heat, 158 
Copper, poisonous effects of^ 310 
Cornea, effect of flattening, 266 

of the eye, 268 
Cornice, what is a, 47, 48 
Corrosive-sublimate, what is, 810 
Coughing, what is, 122 
Countries, least cloudy, 108 
most cloudy, 107 
some, why destitute of rain, 
110 
Cowl, use of; upon a chimney, 216 
Cream, why rises upon milk, 64 



Crying, what is, 128 

Cultivation, how increases the warmth of 

a country, 198 
Curtain, behind a pulpit, influence of on 

sound, 126 
Cylinder, strength <tf a, 86 



Dead body, why cold, 288 

Decay in substances, how occasioned and 

promoted, 806 
Density, what Is, 6 
Diseases, when contagions, 811 
Dew ana rain, difference between, 168 
Dew, cause of, 164 

deposited most readily on clear 

nights, 163 
does not fall, 168 
does not form on exx>osed parts of 

the human body, reason of, 170 
falls abundantly on cultivated soils, 

166 
none on a windy night, 164 
none on cloudy nights, 168 
phenomenon ot, 1^ 
rarely observed in cities, 168 
when converted into frost, 168 
when most copious, 166 
why more abundant on some sub- 
stances than others, 164 
why rolls in drops on leaves, 169 
Dewdrop, why round, 168 
Diamond, cause of its brilliancy, 256 
Disinfecting agents, 807 
Distillation, how effected, 196 

what is, 195 
Divisibility of matter, 6 
Dooi-s, why shrink in dry weather, 199 
swell in damp weather, 199 
Dovetailing, what is, 44 
Draining lands, promotes warmth, 198 
Draught of air, occasion oi; 214 
a chimney, 214 
stove, 214 
when there is none, 216 
Dress, arrangement of colors in, 272, 273 
Dresses, whlte^ why adai)ted for summer, 

172 
Drum, why sounds, 121 
Drying and distiUing, difference between, 

196 
Ducks, why not made wet with water, 

169 
Ductility, 11 
Dust, how expelled from a coat or carpet 

by beating, 26 
Dunghill, cause of the heat o^ 229 



E 

Ear, constniction of^ 115 

drum of, 114 
Earthen vessels, why crack in cold wea- 
ther, 180 
Earth, heat of; 186 
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Xarth, how provM to b« In motion, 22 I 
poles of, 296 
tcmperntiire ot, influence on the 

distribution of nnlmals, 142 
why made colder after sunset, 162 
Earthquakes, probable cause o^ 136 
EbnIUtion, what is, ld5 
Echo, distance necessary to produce, 125 
what is, 124 

why sometimes double, 126 
how produced, 124 
where heard in greatest perfection, 
124 
Edge, strais^t, 245 
Ee^ electrical, 279 
Ehistic bodies, what arc, 8 
Electricity, 875 

and lightning, identity of, 285 

how proved, 286 

connection of light and heat, 

278 
conductors o^ 276 
galvanic, greatest quantity, 

how excited, 292 
galvanic of two kinds, posi- 
tive and negative, 291 
how called into action, 275 
how excited by rubbing the 

fur of a cat, 278 
invisible, 275 
natural agents active in pro- 
ducing, 279 
non-conductors of, 277 
of muscular action, 279 
positive and negative, 278 
produces heat, 136 
velocity oi; 273 
Electric dond, discharge of, 230 
Electrical machines, how constructed, 277 

repulsion, 276 
Electrified and non-electrified bodies, 276 
Electro-magnetism, what is, 299 

when and how dis- 
covered, 299 
metallurgy, 294 

principles of, 294 
Electrotype process, 294 
Entablature, 47 

Equinoxial storm, does it occnr, 112 
Esquiuuux, why fond of oil and fot, 280 
Ether, how removes grease, 807 

what is, 807 
Evaporation, d^dly amount fh)m the sea, 

effects of, 197 
phenomena of. 195 
Eye, human, strnctnre of, 262 
muscles of 262 
parts of; 263 
retina oi; 268 

pained by sudden light, 266 

pressure on, occasions the sensation 

of lieht, 268 

Eyea, do not see alike with both, 268 

Eyebrows, use of, 266 

Eyelashes, use of, 266 

Exertion, disagreeable in hot weather, 

why, 240 



Exercise why makes us warm, 288 
Expansion by heat, 176 



Falling bodies, laws ot 29 

P'nn, a, does not cool the air, 174 

Fanning the face, why cools, 178 

utility of; 174 
Far-sightedness, cause of; 265 

how remedied, 265 
Fat people, why throw back their shoul- 
ders, 17 
Feathers, why called light, 
Feather, how attracts the earth, 14 
Ferment, what is a, 805 
Fermentation, how induced by yeast, 806 
Figure, 6 

Filtration, principles of; 7 
Fire, benefit of stirring a dull, 280 

caused by friction, 189 

heat of; cause of, 239 

Intensity depends on what, 280 

reflection of, in our windows, 250 

what is, 222 

why feels hot as we approach it, 161 

why placed near the floor of a room, 

in the night, why difficult to judge of 

the distance of, 269 
places, open, advantages of; 219 
not economical 213 
Flame, candle, hottest part of, 282 
color of; 231 

luminosity, depends on what, 223 
of a lamp or candle, analysis oi; 

232 
of a candle, why points upwards, 

282 
solid particles in, 222 
what is, 222 

when will it smoke, 228 

Flames, why all not equally luminous, 231 

Flues of stoves, why covered with black- 

lead, 162 
Flannel, how preserves ice team meltings 

Fluids, laws and phenomena oi^ 49 

two classes oi, 49 
Flying, how differs fh>m leaping, 26 
Force, what is, 22 
Food, hot, cooled by blowing, 159 

theftielofthebody,S«3 
Fogs, cause of, 84 

when and where occur, 90 
why does not become dew, 89 
Franklin'^s, Dr., theory of electricity, 27T 
Friction, what is, 22 

action of in exciting electridtTt 
275 
Frieze, in architecture, 47 
Frost, hoar, what is, 187 

rare under trees and shmbs^ 
185 
how a thin covering protects plants 

fi-ora, 167 
renders the earth friable, 1S4 
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Frost-work on windows, cause of; 185 
f*ruit, precautions to be used in packing, 

806 
Fuel, elements of, 228 

perfect combustion of, how attained, 
220 
Furnaces, hot air, how constructed, 219 
Furs, why used for clothing, 147 
Fumigation, 807 
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Galvanism, how discovered, 289 
produced, 290 
simple experiment illustrat- 
ing, 290 
what is, 289 
Galvani, discovers galvanic electricitv, 290 
Galvanic batterv, ordinary effects of, 298 
Gas, what is a, 8 
Gases, law of division of, 207 

not all invisible, 6S 
Glacier, what is a, 106 
Glaciers, where occur,/ 106 • 
Glass, burning, a double convex lens, 260 

ground lor shades, use of^ 288 
Glasses, burning, 181 
Gold, melting point of, 185 
Gothic architecture, origin of, 45 
Grain-weight, origin and construction of, 
• 20 

Grapes, ripe, why sweet, 808 
Grass, grown In the dark, of a light color, 

272 
Gravitation, what is, 18 
Gravity, centre of, 15 

illustrations of the laws and prin- 
ciples ol^ 15, 16 
Greasing carriage wheels, use of, 140 
Greasy food, wny relished in cold wea- 
ther, 289 
Green colors suited to fair complexions, 

278 
Grindstones, in rapid motion why often 

burst, 28 
Gun, essential properties ol^ 85 

how we take aim with a, 244 
Gunpowder, composition of, 84 
power of, 84 
when and how discovered, 
85 
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Habitations, probable form of the first 

human, 41 
Hail, what is, and how formed, 94 
Hair, use of in mortar, 40. 
Halls, for speaking, how constructed, 126 
Hardness, what is~ 10 
Headache, how produced by bad air, 209 
. Hearth-rugs, why feel warm, 145 
stone, why feel cold, 145 
Heat and cold, sensations of; 131 
animal, cause of, 2^36 
best conductors oi^ 144 



Heat, effects on the dissolving power of 
liquids, 194 
oflfects of. 181 
eflFccts or, on the bulk of some 

liquids, 178 
expands all bodies, 176 

illustrations of, 177 
has no weight, 180 
how communicated, 148 

illustrations of; 4 
how diffused, 180 
how evolved by combustion, 221 
how measured, 187 
good absorbers of; not good reflect- 
ors, 171 
greatest artificial, how produced, 293 
greatest artificial, how measured, 

134 
Illustrations of radiation of, 161, 

162 
in ice, 180 
latent, what is, 188 
occasioned by chemical action, il- 
lustrations of, 187 
of the sun, 132 
produced by friction, 140 
radiant, 160 
rays of, 171 
reflection of, 171 

solar, extends below the earth^s sur- 
face how far, 186 
sources of, 182 

sun's differs fVom artificial, 188 
velocity of transmission in different 

substances, illustrations of, 144 
vital, illustrations of, 141 
what is, 129 
Health injured by reduction of the tempe- 
rature of the body, 198 
Height from which a body falls, how cal- 
culated, 29 
Hiccough, what is, 128 
Hides, how converted into leather by tan- 
ning, 805 
Horizon, what is, 269 
Horse-shoo magnets, 298 
Horse-power, what is, 83 
House, part most dangerous in a thunder 

storm, 282 
House, haunted, origin of stories concern- 
ing, 128 
Hun-icane, what is a, 80^ 81 
Hurricanes, where prevail, SO 
Huts, first form of human habitations^ 

41 
Hydrochloric acid, 804 
Hydrogen gas, its properties, 224 

the lightest of all bodies, 62 
sulphuretted, 804 
how formed, 804 
what is, 224 
Hydrostatics, definition of, 49 



Ice, "anchor," what is, 179 
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Ice, fhictnres in regnlor lines and angles, 
1S5 

boat of, 130 

what is, 179 

why floats upon water, 62 

why melted by the sun, 196 
Icebergs, height o^ 106 

how formed, 106 
niasions, optical, 269 
Images all appear inyerted in water, 246 
Impenetrability, 4 
Incandescence, what is, ISl 
Incidence, line and angle of, 246 
Induction in magnetism, 296 
Inertia, illustrations of^ 10 
Inertia, what is, 9 

Insects, how occasion sounds, 128, 124 
Instrument, stringed, use of the Dody o^ 

Ionic order of architecture, 45 

Iris ofthe eye, 263. 

Iron, how made hot by striking, 189 

meteoric, 96 

where found, 96 

why sinks in water, 62 

why Bbx)nger than w*ood, 12 



Kettle, why heat is not applied at the top 

why sometimes bolls oyer, 156 
Eyanizing, what is, 811 



Lakes, some never frozen, 183 

Lamps, closed, use of a hole in the top, 

233 

gas generated by, 208 

smokes, occasion of, 228 

solar and astral, how constructed, 

223 
wicks, cotton best adapted for, 
66 
Land, configuration of, eflfect on tempe- 
rature, 107 
Latent heat, what is, 188 
Larynx, 122 
Laundress, why boils starch, 802 

why touches a flat-iron with 
saliva, 195 
Lauehing, what is, 128 
Lead, a poison, 810 

why called heavy, 6 
Leather, how made, 305 
Leaves, of plants, how radiate heat, 165 
of plants, why gi-een, 271 
why brown in autumn, 271 
Lens, double convex, 260 

what is a, 260 
Lenses, different varieties of, 260 
Light, absorption of, 261 

artificial, on what depends, 231 



Light, chief sources of, 241 
how propagated, 244 
intense, why causes pain to the 

eye, 266 
most splendid artificial, how pro- 
duced, 298 
moves in straight lines, 244 
of the sun, how much intercepted 

by the atmiosphere, 261 
possesses no weight, 241 
ray of, when reflected, 244, 245 
refraction of, 254 

the same quantity not reflected at 
all angles, illustrations of this 
principle, 248 
velocity o^ how estimated ; illos- 

trations of, 242, 248 
what is, 241 

white, composition ol^ 255 
vhy, when it is cloudy, 252 
zodiacal, 97 
Lightning clouds, height above the earth, 
280 
condilctors, best materials tor. 

284 » 
different kinds of; 280 
direction of a flash of, ^1 
does not follow a direct path, 

284 
heat, cause o^ 281 
how kills persons, 281 
rod, what is a, 284 
rods, how fastened to buildlDgs, 
285 
how protect houses, 284 
when productive of harm, 

284 
why terminate in points, 

sheet, 280 

what is, 280 

why most common in summer, 

Lights, Northern, 287, 288 
Lime, chloride of^ 807 
quick, 38 

absorbs carl^pnic acid, 212 
slacked, 88 

water poured on occasions heat, 
how, 187 
Linen handkerchief, why preferrtd to a 

cotton one, 149 
Linen, how dried by exposure to the air, 
198 
why cooler than cotton, 149 
Liquefaction, 193 
Liquid, what is a, S 
Liquids, how to cool, 155 

impart no additional heat after 
they boil, 157 
Liquors, frothing, cause of, 74 
Loadstone, wliat is a, 295 

why so called, 295 
Loudness, of sound, on what depends, 118 
Lunar caustic, 304 
Lungs, description of, 284 
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Machines, advantages of, 81 
Idachine and a tool, difference between, 
81 
what is a, 81 
Machinery does not create power, 81 
Magnet, (tirective ix>wer of^ 296 

what occurs when one is broken, 
293 
Magnets, horse-shoe, 293 

how constructed, 297 
natural, where found, 295 
weights, great, lifted by, 800 
setism, comxnunicated by contact, 

connection with electricity, 
295 
MaUeability, 11 
Man alone capable of enduring all tempe- 
ratures, 143 
method in which he can exert the 

greatest strcn^h, 88 
on a church sjure, why seems very 

small, 251 
shrinks when starved, 233 
Maps, coast survey, how produced, 294 
Mastich, or mastic, 40 
Matches, how ignited by fHction, 141 
Materials, strength of; 86 

illustrations of; 86 
Matter defined, 3 

evidence of its existence, 8 
limits to the division of, 5 
particle of, 5 
properties of, 4 

the strongest form in which it can 
be arranged. 86, 87 
Miasm, or miasmata, 811 
Milk boils more readily than water, 155 
Mirror, how we sec ourselves in a, 245 

why images appear behind a, 247 
Mirrore,245 

Mist and fog, distinction between, 89 
Moat, how preserved by smoking, 808 

when ton^h, 803 
Medicines, prescription by drops unsafe, 

12 
Mercury, freezes at what temperature, 
191 
of a barometer, why sinks in fine 

weather, 104 
when fi-eezes, 184 
Metals, why melted by fire, 192 
Meteorites, how supposed to originate, 96 

what are, 94 
Meteorology, what is, 74 
Mist and fog, why vanish at sunrise, 164 
Mist, on ikkIows, cause of, S7 
Mixture and solution, difference between, 

198 
Moon, light of, seems to make a path in 
the water, 249 
influence oi^ on the weather. 111 
light, how occasions putrefaction, 

why aiq)car8 large on the horizon, 



Moon, why seems a flat snrfaco, 251 

why seems larger than the Btaiflk 

Mortar, why becomes hard, 88 
Mortars, comjiosition of; 83 
Mortising, what is, 42 
Motion, 22 

Mountains, distant, why appear blmav 
69 
high, why covered with snow, 
105 

Moantain tops, why cold, 172 
Muriatic acid, 804 
Muscular energy, how exerted, 88 
Music, scale of; 121 

Musical instruments, how occasion eoond, 
121 
sounds, what are, 120 



N 

Nails in old houses, why loose, 187 
Near-sightedness, cause of, 264 

how remedied, 265 
Needle, magnetic, 296 
Negro's skin never blisters fK>m the sun, 

Nitric acid, 804 

Nitrogen, its properties and uses, 205 
what is, 205 



Objects, how we judge of the size and 

position of, 250 
Ocean, colors of animals in, 272 

depth to which light penetrates, 

Odors, 807 

Oersted, Prof, nis discovery, 299 
Oil and water, why not mix, 198 
Opaque bodies, 261 
Orders in architecture, 45 
Owls, why see in the dark, 267 
Oxygen, how much required per hour, 
209 

its properties and uses, 205 

what is, 205 
Oxidation, what is, 220 



Paint, in the vicinity of sewers, why dis- 
colored, 804 
how preserves wood, 152 
Paints, lead, when danscerous, 810 
Paper, blotting, why absorbs ink, 66 

writing, why will not absorb ink, 
66 

Paste, adhesiveness due to what, 803 
Pedestal, what is a, 46 
Pendulums, compcnHating, 187 

length of, that boats seconds, 

29 
what is a, 29 
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Penons, why many, sec tho same object 

at the eamo tiuip, 244 
Perpetual motion in natnrc, 88 
instance oA 23 
Perspiration, insensible, what is, 83 

why caused by active exer- 
tion, 289 
Pilasters, what are, 45 
Pile, what is a, 42 

Pipes, lead, how alTccted by water, 810 
water, why liable to burst in frccz 
ing,181 
Pisa, leaning tower ol^ 17 
Phmots, how give liffht, 242 
Plants, how purify the water, 286 

respire as well as animals, 235 

water, liberate oxygen, 236 
Platina, tho heaviest substance known, 

68 
Plastic bodies, what are, 9 
Plinth of a column, 46 
Pneumatics, what ik 49 
Poisoo. what is a, 809 
Poisoning, what to do in cases of; 809 
Poles of a galvanic battery, 893 
Pores of a body, 6 
Portico, what is a, 45 
Potatoes, frozen, why sweet, 808 
PMato, starch constitutes the bulk of; 802 
Power, how we apply it, 81 

horse, 83 

of gunpowder, 84 

sources of; 82 

steam, 84 

water, 88 
Preserves, why turn sour, 806 
Prism, how separates a ray of light, 255 
Pump, chain, what is, 100 

common, 98 

forcing, construction oi; 100 

height to which water may be 
raised by, 99 

why water rises in, 100 
Pnpiloftheeye,263 

contracts by a sudden 



Pntrefiiction, causes oi^ t 

Putty, what is, 40 

Pyrometers, how constructed, 191 



Qnadniped, never raises both feet 

side at once, 17 
Quadrupeds, why swim easier than 

Quick lime, what is, 88 



Bain, none if the air be dry, 101 
origin of; 91 

water, why called soft, 56 
where most abundant, 103 
why cooler after, 199 
why fulls in drops, 91 
yearly amount falling in different 
ports of the earth, 108 
Rainbow, formation of, 257 

when seen, 257 
llainhows at waterfalls, 258 

double, when seen, 258 
no two persons see the same, 
253 
Kain-gango, what is a, 109 
lied rays of light possess the greatest heat- 
ing effect, 272 
Beflection, line and angle of 246 

of light, 245 
Beflectors of heat, what are good, 171 
Bofranglbility, 86 
Befractton delight, 254 
Bemedics for poisons, 809, 810 
Bepulsion, what is, 11 
Besonance, what Is, 125 
Bespiration a form of combustion, 2Si 
object of; 234 
what is, 233 
Betlna of the eye, 263 
Betort, what is a, 195 
Blfle, advantages of; over a musket, 85 
Biver, always seems more shallow than it 
18,255 
bottom, rarely frozen; 181 
part in which tho water runs most 
rapidly, 50 
Bocks and stones retain moistbre, 107 

cause of their rounded and weather- 
worn appearance, 179 
whv often split in cold weather, 

Boman cement, 89 

Boom, air of; how affected by & current 
209 

coolest part of 117 

hottest part of; 211 
Bose, why red, 270 
Bust, what is, 222 



on a 
man, 



Badlators, good, of heat, 161 
BadiatiQD, 160 

of heat, on what depends. 
Bain drops, form of 169 

why spheres, 169" 
how measured, 109 



161 



S 

Salt, how dissolves ice, 184 
lakes, oris^ oi; 58 
utility ofTin the ocean, 58 
Band, best suited for mortar, 89 
Savages, how hear by placing the-ear close 

with ground, 117 
Scarfing and interlocking, 43 • 
Sea breeze, why cool, 79 

effect of, on temperature, 107 

rarely freezes, li>3 

water, why freezes less readily than 

ftesn water, 135 
why not full, 199 
why salt, 47 
vapor of, not salt, 199 
Seasons, alternation of warm and cold, 112 
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Seeing, 8C1180 ol^ how oaortod, S41 iSonnda, vbon flat, 121 

BcDseft, number of, 3 why seem louder in a church than 

what are thtjy, 8 I in a plain, 12S 

Sewers, fiml, why destnictive to health. Soup, why kcc[)8 hot longer than water, 
804 



Shade, why cool in the summer, 150 
why objects seem dark in, 253 
Shadow, what 18 a, 244 
Shaft of a column, 46 
Sheets of a bod whv foci cold, and the 
blankets warm, 152 



Sparks of Are, what are, 7 
Specific gravity deflne<1, 62 
Spectacles best suited for old people, 265 
Spoon, metal, how retards uie Doilingof a 
' kettle, 150 

uiauB.i3bo M iuuj, *(/« I why tarnished by the yolk of eggs, 

Ship at sea, why the masts are seen befbro 804 

the hull, 253 |Spray of waves, cause o^ 61 

Ships, iron, why do not sink, 65 Springs. eflFoct of drainage upon, 58 

Shoes, hotter for being dusty. 172 Stones for building, how to estimote their 

SkulL the form of the. embodies the prin* durability, 48 

ciples of the arch, 44 I building, acCkn of tho weather 

Sight, difficult after leaving a lighted room on, 48 

and going Into the dark, 266 i why lifted easier in water than on 

Size, 4 I huid, 65 

Skating swiftly over thin ice, effect of, 27 Stove, advantages over on open fireplace, 
Skin, cleanliness essential to the healthy 219 



action oA 287 
Sky, why appears blue, 271 
Sleet, what is, 92 
Smoke, what is, 218 

why asconds, 18 
Smoking, how preserves meat, 808 
Sneezing, what is, 128 



Snow, at the foot of a wall, why melts' Stucco, what is. 



disadvantages of^ 219 
why crackles in cociing, 186 
why crackles when a £o is kindled 
in it, 186 

Stones, why not suitable for fhel, 226 
Straw, use of, in the Egyptian bricks, 40 
Stripes, effect of; in dresses, 279 



rapidly, 161 
flake, how formed, 93 
heat of, how shown, 188 



how diminishes the darkness of Suffocation, how occurs, 123 



night, 270 
how protects the sur&ce of the earth 

in winter, 92, 98 
melting absorbs heat, 188 
various colors of, 94 
what is, 92 

why none in summer, 98 
white, 98 
Soap-bubble, origin of colors in, 250 
So<u>, utility of in washing, 57 
Soil, a bad conductor of heat, 186 
efi^ts of on temperature, 107 
Solid, what is a. 8 
Solution, what is a, 193 

when saturated, 198 
Sonorous bodies, what are, 116 
Soot, smell of; why sometimes noticed in 

a room, 216 
Sound, air necessary for the prodnotlon 

best conductors of; 120 

how obstructed by fogs, rain, Ac., 

howproduced, 114 
louAr by nisht than by day, 119 
not heard alike by all persons, 120 
velocity oi; 118 
Bounds, musical, what are, 120 

orisin and transmission of, 114 
reflection of; 124 
transmission of by solids, 117 
vibrations, to what compared, 117 
Ylbrations in solids, how rendered 
yisible,118 



Sucker, the common, 72 
Suction, height to which water noay be 
raised by, 98 



Sugar and salt, how flavor water, 67 

salt, &c, retard boiling, 157 
Sulphur, product of when burned, 893 
Sulphureous acid, 808 
Sulphuric acid, 804 
Summer, Indian, haziness of; 87 
Sun, seen through a fog appears red, 87 
the, a source ot heat, 182 
weight OQ the surface of; 19 
why appears htrge oa tho horizon, 269 
Snn*s heat, why greater in some portions 

of the earth thui in others, 188 
Sunbeam, motes floating in, what aire, 160 
Sunset, red, cause of; 86 
Surf, what is, 61 
Surfaces, some, why brilliant, 242 

dull, 242 
Swimmers, unskilful, why sink, 68 
Swimming why easier in salt than in flresh 
water, 68 
philosophy of, 68 
Springs in ponds prevent ft^eczing, 188 
mineral, cause oi; 54 
origin of. 51 

why cool in snmmer, 160 
why often fhil in dry wcathe^l 
Sprinkling a hot room how cools it, 198 
Squinting, occasion of; 263 

occasions double vision, 267 
Starch, how manufhctured, 802 

may be converted into sugar, 808 

what is, 802 

why necessary to boil before using, 
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BUM, shooting, 96 ^ .. ,, ^ 
occur perioaicaUy, 97 
why not visible in the daytime, 
S44 
Starration, process ot, 299 

what \a, 285 

Steanif balk of^ compared with water, 201 

how much lighter than water, 

200 
en^ne, what is a, 202 
hi^ pressore, 202 
how used for cookery, 202 
invisible, 107 
its elasticity, 201 
lighter than air, 68 
mechanical force of^ 208 

illustrations oi^ 208 
parts of a boiler where first formed, 

200 
power of, on what depends, 201 
visible appearance how caused, 

200 
what is true, 200 
Stems of grain-pUmts, why hollow tubes, 

87 
Stick immersed in water, why seems bro- 
ken, 254 
Still, construction oi; 191 



Telegraph, influence how transmitted by, 
to convey intelligence, 801 
magnetic, Morsels, principle 

of; 800, 801 
wire, why supported on glass, 
801 
Telegraphic current, what is meant by. 

Telescopes, construction and use of; 252, 
258 
why enable us to see distant 
objects, 253 
Temperature, effect of the sea on the, 107 
soil on, 107 
mean daily, what is, 106 
varies with altitude, 105 
latitude, 105 
variation, examples of; 105 
why all places have not the 
same, 107 
Temples, how cooled by ether, cologne, 

water, &c., 197 
Tenon, what is a, 48 
Terra-cotta, what is, 89 
Thaw, mo*o chilly than a ft-ost, 183 
Thermometer, centigrade, 191 
Fahrenheit's, 190 
Beaumer's, 191 
indicates difference of heat 
only, 192 
Thermometers and pyrometers, difference 

construction of, 189 
different, 190 
how ^aduated, 189 
Thunder, cause of, 2S6 



Thunder, rolling of, cause o^ 287 

storm, places dangerous in, 262^ 

safest in, SS8 
what is a, 280 
varieties of, 287 
what is, 286 

why heard after the Ughtnlng 
is seen, 287 
Tides, cause oA 60 

when high and low, 59, 60 
Toes, advantae» of turning out the, in 

walking, 17 
Tornadoes, 88 

phenomena generally attend- 
ing, 82 

Transparent bodies, what are, 260 
Tree, centre of gravity in, 19 

how discharges a lightning dond, 
282 

Trees and flowers, how purify the air, 210 
why covered with straw in winter. 

Tropics, rainy and dry seasons ot, 109 
Troy weight, origin of, 20 
Trumpet, ear, construction of; 127 

speaking, construction ot 127 
TwiUght, cause 0^250 



Vacuum, illustration of, 218 

what is a. 71 
Valves, pump, 98, 99 
Vapor f^om damp linen, what is it, 197 
in a room, origin of, 83 
of the air, how condensed into rain, 
91 . 
Vaporization, meanine oi; 194 
Vegetables, why swell in boiling water. 

Vegetation, why luxurious on the margin 

of a river, 66 
Ventilation, in what situations is it perfect, 
205 
what is, 204 
Vibration, what is a, 116 
Vibrations, sonorous, how illostrated, 116 
Vinegar, what is, 805 
Vitriol, oil of, 804 
Voice, organs of, 122 

tones of, how altered, 122 
Volatile substances, 195 
Volcanoes, probable cause oi; 186 



W 

• 

Wall, a, when stands securely, 17 
Walls, partition, construction of, to intei 

cept sound, 119 
Wanning and ventilation, 204 
Water, a bad conductor of heat, 146 

at what elevation above the earth 

remains frozen, 106 
air in, 
boiled, why flat and insipid, 73 
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'Watei; composition ot, 54 

decliyity sufficient to give mnning 

motion to, 50 
drop off why rolls npon hot iron, 

expands when fi-eezing, 181 
force of expansion in freezing, 179 
hard, what is, 54 

difficult to wash in, 66 
how extinguishes a fire, 229 
how heated, 158 
hot, why breaks glass, or earthen 

yessels, 185 
in freezing, cracks earthen ves- 
sels, 180 
images in, appear inverted, 246 
power, 88, 84 
pressure of, 58 

how exerted, 68 
quantity of mineral matter con- 
tained in: 56 
running, why slow to freeze, 182 
scalds at what temperature, 176 
surface of. always level, 49 
swells in Doiline, 156 
temperature of ooiling, 185 
what is the purest natural, 55 
when affects lead pipes, 810 
why a fluid, 54 

wl^ dissolves sugar and salt, 57 
why freezes first at the surface, 

why rises in a pump, 101 

why sparkles, 56 

why will not dissolve Iron, 198 
Waters, relative purity of, 55 
Waterspout, what is a, 88 
Waves, cause of; 60 
spray of^ 61 

velocity of storm, 61 
Well, ordinary, why water collects, 57 
Wells, artesian, C" 



Wheels, carriage, why sometimes take 
Arc, 189 
fore, of carriages, why smaller 

than the hind, 44 
of carriages, utility of greasing, 

water, different kinds, 84 
Whitewash, what is, 88 
Wick of a candle, why not consumed, 

Windpipe, what is the, 122 
Windows, why blaze at sunset, 249 

why often covered with mist, 

Wind, cause of, 75 

Winds, force of, how measured, 78 

high, difficult to walk against, 9 

always blow, 76 

e£fects of mountains, on the coorsa 
of, 76 

landl generally dry, 76 

north, why cold, 79 

south, why warm, 79 

regular, 77 

on the direction of^ 78 

trade, 77 

velocity of, 77 
Wine, why sours on exposure to air, 805 
Wood, constituents of; 224 

sreen, unprofitable to bum, 227 

hard and soft, 227 

how preserved ttom decay, 811 

kinds most profitable for itiel, 227 

kinds of; which impart the least 
heat in burning, 227 

weight of a cord of; 227 

why does not melt^ 194 

why generally cut in the winter. 



why snaps when burning, 7 
Wooden handles, why applied to cooking 
vessels, 145 



Winter, dark dresses most suitable for. Woollen kettle-holders, utility of, 145 



172 
Weather, action on building materials, 

48 
Weather, animals ibretell changes in, 118 

moon^s influence on. 111 
Weight, how varies, 19, 20 

proportional to what, 19 
what is, 19 

where a body has the greatest, 
and least, 20 
Weights and measures, English system of, 
21 



Woollens, utility of as protectors against 
cold, 147 



Yeast, what is, 805 

Yellow, the color most visible, 272 



Zenith, what is the, 269 



Weights and measures, French system of; Zero point of thermometer, how deter- 

21 I mined, 190 

Wheel, centre of gravity of, 18 Zodiacal Ught, 97 

dished, or arched, stronger than a 
flat,44 I 
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Among which are some of the ablest and mast popular scientific treatises extant. FrofesMr \ 
Gray's Botanies haTe been commended as the best works on that snlgect, by Professor Agassi 
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book for its numerous interesting facts, and the great prominence given to American geology. 
Wells' Philosophy, in addition to the advantage of following other treatises, is distinguished for its ( 
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necessities of every-day life. The books of this department, thus far, are : 



Gray's Youth's Botany— " How plants 
grow." Illustrated, |0 60 

Gray's Lessons in Botany,- ----- 1 OO 

Gray's Manual of Botany for Schools, -160 
Gray's Manual, with Mosses. Illustrated, 2 50 
Gray's Structural Botany. (Text Book,) - 2 00 
WeUs' New Chemistry, 100 
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Sanders' School Speaker, - - - - - - $1 00 
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tises, but particularly adapted, by their lucid method and philosophical arrangement, to the 1 
of education. They are rapidly gaining ground as text-books in Colleges and Academies, and ' 
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I Introductory Geography. 24 Maps, 100 

pages, small 4to. Illustrated, . - - $ 50 

I Modem School Geography. 48 Maps, 200 

pages, medium 4to. Illustrated, . - 75 



American School Geography, with Col. 

ton's School Atlas. (In press,) > . - 
Outlines of Physical Geography. 6 Maps, 

226 pages. Illustrated, $1 00 < 



The glee books of Mr. Bradbury are very popular, and abound in novel and spirited composi- 
tions of modem European authors, not elsewhere to be Obtained. 

I The Alpine Glee Singer, ......$100| The Social Singing-book, -$20 

, The Metropolitan Glee Book, .... 1 00 I The Concordia. By T. 0. Taylor,. - - 25 < 
Jones' Thorough Bass. 62^ cents. 

<. ^ €ami^Utt Classinl ^ttUs ^ 

In preparation, including Grammars, Headers, Exercises, and Annotated Editions of Standard - 
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